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PREFACE 

This  report  describes  the  development  of  a  simulation  model  to  represent 
a  mass  transportation  system:   the  operation  of  urban  buses  on  signalized 
arterial  streets.   It  also  discusses  the  characteristics  of  the  urban  bus 
system,  describes  the  determination  of  basic  relationships  in  the  operation 
of  urban  buses,  provides  documentation  on  the  structure  of  the  model  and 
shows  how  to  use  it.   The  report  consists  of  a  short  introduction,  four 
chapters  and  three  appendices. 

The  introduction  defines  the  problem  under  consideration  and  discusses 
the  approach  selected  for  its  solution. 

Chapter  I_  describes  an  investigation  of  bus  passenger  service  time 
which  is  a  basic  relationship  in  the  systej»*represented. 

Chapter  II  presents  the  determination  of  other  relationships  associated 
with  bus  speed  and  acceleration. 

Chapter  III  contains  the  main  features  of  the  simulation  model.   The 
model  is  named  SUB  (Simulation  of  Urban  Buses) . 

Chapter  IV  describes  the  verification  and  validation  of  the  model  and 
includes  a  demonstration  exercise. 

A  section  containing  a  recapitulation  of  the  work  done  and  the  final 
conclusions  closes  the  main  text. 

Appendix  1  is  a  manual  showing  how  to  use  the  program  of  the  model. 

Appendix  2  contains  a  complete  documentation  of  the  logical  structure 
of  the  model  and  its  computer  program. 
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EXECUTIVE  SUMMARY 


The  objective  of  this  study  is  to  develop  a  simulation  model  that 
represents  urban  bus  operation  on  signalized  arterial  streets.   The  model 
is  to  be  used  as  an  evaluation  tool  in  the  formulation  of  new  schemes  to 
improve  bus  service  in  urban  areas. 

Simulation  models  are  based  on  certain  real-life  relationships  between 
the  variables  involved  that  must  be  known  to  make  the  model  operational. 
In  the  case  of  the  urban  bus  model  most  of  those  relationships  were  found 
either  in  the  literature  or  by  the  use  of  logical  rules.   Other  relation- 
ships, however,  had  to  be  determined  by  collecting  the  necessary  data  in 
the  field,  analyzing  the  data  and  formulating  the  relationships  by  statis- 
tical induction.   The  relationships  found  by  induction  were  in  connection 
with  passenger  service  time  (the  time  required  to  load  and  unload  a  certain 
number  of  passengers)  and  bus  speed  and  acceleration  characteristics. 

After  all  the  background  information  was  acquired,  the  logical 
structure  of  the  model  was  created  and  a  computer  program,  written  in 
FORTRAN  IV  language  was  developed  to  allow  the  execution  of  the  model  on 
an  electronic  computer. 

The  model  developed  is  named  SUB  (Simulation  of  Urban  Buses) .   The 
inputs  for  the  model  include  geometric  characteristics  of  the  section  of 
arterial  street  represented,  traffic  volumes  and  turning  movements,  traf- 
fic controls,  bus  routes  and  time  schedules,  bus  stops,  passenger  demand 
and  other  data  that  characterize  bus  operation.   Among  its  outputs  are 
measures  of  effectiveness  of  the  urban  bus  operation  such  as  bus  travel 
speed,  passenger  waiting  time  at  the  bus  stops  and  arrival  times  of  the 
buses  at  each  stop  as  well  as  their  departure  times. 
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Traffic  is  simulated  as  groups  of  vehicles  and  it  is  processed  at  constant 
time  intervals .   The  flow  of  traffic  is  represented  according  to  (1)  inherent 
characteristics  of  urban  flow,  (2)  the  expected  traffic  demand  at  the  entry 
points  of  the  section  simulated,  (3)  the  expected  running  speed  of  traffic, 
and  (4)  the  effect  of  traffic  control  devices. 

Buses  are  represented  individually  and  processed  only  when  significant 
events  happen  (such  as  their  arrivals  to  stop  lines  and  bus  stops  and  their 
departures  from  them) .   They  arrive  at  the  section  simulated  at  their  sched- 
uled arrival  times  plus  or  minus  a  deviation  computed  by  a  stochasctic  pro- 
cedure.  From  that  point  on  their  movement  is  governed  by  (1)  the  normal 
cruising  speed  of  the  bus  and  its  acceleration  and  deceleration  charac- 
teristics, (2)  the  impedance  caused  by  traffic  (including  other  buses)  and 
traffic  control  devices,  and  (3)  time  spent  by  the  bus  loading  and  unloading 
passengers  at  bus  stops. 

The  model  was  subjected  to  a  long  series  of  tests  that  included  veri- 
fication of  its  performance  according  to  logical  rules,  and  sensitivity 
tests .   Finally,  the  model  was  successfully  validated  comparing  the  values 
of  the  most  critical  output,  bus  travel  speed,  with  corresponding  values 
observed  in  the  field. 

The  usefulness  of  the  model  for  practical  applications  was  demonstrated 
by  using  it  to  predict  the  effect  of  an  exclusive  bus  lane  on  urban  bus  per- 
formance.  The  prediction  appeared  to  be  reasonable. 

The  model  is  ready  for  use'  however,  there  is  still  room  for  improvements 
in  the  model  that  can  be  best  determined  by  the  experience  acquired  in  a 
series  of  applications  of  the  model  under  a  broad  variety  of  circumstances. 


INTRODUCTION 

In  many  urban  areas,  buses  constitute  a  significant  portion  of  traffic 
due  to  their  size  and  operating  requirements.   Quite  often  they  are  the 
only  means  of  mass  transit  available,  forming  an  indispensable  portion  of 
the  urban  transportation  system.   Despite  the  general  recognition  of  their 
importance  and  the  problems  created,  relatively  little  is  known  about  the 
basic  characteristics  of  bus  operation  in  urban  areas. 

This  study  is  concerned  with  only  one  aspect  of  the  urban  bus  system: 
the  operation  of  local  buses  on  arterial  streets.   Its  objective  is  to  de- 
fine, in  the  form  of  a  simulation  model,  the  system  formed  by  urban  buses, 
their  users .  the  arterial  street  and  other  traffic.   The  model  is  to  be 
used  as  an  evaluation  tool  in  the  formulation  of  new  schemes  to  improve 
urban  bus  service . 

The  Urban  Bus  System 


An  urban  bus  is  a  vehicle  used  to  carry  passengers  from  multiple  origins 
to  multiple  destinations  in  an  urban  area.   This  vehicle  differs  in  function, 
features  and  operation  from  the  inter-urban  bus,  which  transports  passengers 
from  one  or  more  points  of  an  urban  area  to  a  few  points  in  another  one. 
Urban  buses  used  in  the  United  States  are  30-40  feet  long  and  8.0-8.5  feet 
wide.   They  usually  have  from  35  to  55  seats,  but  with  a  maximum  of  20  to 
35  standees  they  carry  from  55  to  90  passengers . 

This  system  is  the  most  important  form  of  mass  transportation  in  the 
American  cities.   It  carries  about  seventy  percent  of  the  urban  passengers 
(4.7  billions  out  of  6.8  billions  in  1971) .2 


1 Information  obtained  directly  from  the  American  Transit  Association. 

2American  Transit  Association,  '71-72  Transit  Facts  Book  (Washington, 
D.C.:  American  Transit  Transit  Association,  1971).   p.  8. 


Urban  buses  can  be  classified  as  (1)  express  buses,  (2)  local  buses, 
(3)  minibuses,  and  (4)  demand-responsive  buses. 

(1)  Express  buses  are  used  for  long  distance  travel  because  they  can 
develop  higher  speeds  than  regular  or  local  buses.   The  high  speeds 
are  mainly  attained  by  reducing  the  number  of  stops  and  routing  the 
vehicles  as  much  as  possible  through  highway  facilities  for  through 
traffic. 

(2)  Local  buses  are  those  whose  function  is  to  pick  up  and  deliver  pas- 
sengers as  close  to  the  origin  and  destinations  of  their  trips  as 
possible.   Their  operation  often  requires  closely  spaced  bus  stops 

and  routing  the  vehicles  through  congested  streets.   For  these  reasons 
their  overall  travel  speed  is  low;  usually  about  10  miles  per  hour  or 
less . 

Urban  buses  are  primarily  used  for  short  trips  and  they  may  provide 
interchanges  with  express  buses  at  convenient  locations.   The  operation 
of  these  buses  on  arterial  streets  and  their  complex  interaction  with 
other  traffic  is  treated  in  details  in  Chapters  I,  II  and  III. 

(3)  Minibuses  are  generally  buses  of  small  size  used  for  short  haul. 
They  shuttle  between  nearby  points  in  airports,  downtown  shopping 
districts  and  in  other  places  where  there  is  a  need  for  transporting 
a  great  number  of  passengers  for  short  distances. 

(4)  Demand-responsive  buses  are  vehicles  whose  routes  and  schedules 
vary  according  to  passenger  demand,  in  contrast  with  the  type  of  buses 
mentioned  above  where  the  route  and  schedules  are  fixed.   An  example 
of  this  type  of  buses  are  those  used  in  the  system  'Dial-A-Bus"  where 
request  for  rides  are  made  by  telephone  while  the  bus  is  in  motion. 


Bus  Operation  on  Arterial  Streets 

An  arterial  street  can  be  defined  as  an  urban  throughfare  primarily 
for  through  traffic,  usually  on  a  continuous  route.   The  main  purpose  of 
an  arterial  street  is  to  move  traffic,  although  it  also  services  abutting 
properties.   A  freeway,  on  the  other  hand,  does  not  provide  such  a  service, 
while  a  local  street  is  especially  designed  to  give  access  to  properties. 
Arterial  streets  usually  have  traffic  signals  at  their  intersections  with 
main  cross  streets  and  "stop"  or  "yield"  signs  facing  the  cross  street  at 
the  other  intersections.   This  arrangement  gives  the  right  of  way  to  the 
arterial  street  traffic  except  when  confronted  with  the  red  indication  of 
a  signal. 

Urban  buses  generally  move  on  arterial  streets  as  a  component  of  a 
'mixed"  traffic  that  also  includes  automobiles  and  trucks.   However,  in 
many  arterial  streets  certain  lanes  are  devoted  to  the  exclusive  use  of 
buses.   These  exclusive  bus  lanes  allow  buses  to  develop  higher  speeds  and 
to  reduce  the  number  of  stops  caused  by  traffic  impedance. 

The  stops  to  service  passengers  are  usually  made  at  bus  stops  located  , 
at  the  curb.   According  to  their  location  with  respect  to  intersections, 
three  types  of  bus  stops  can  be  considered:   (1)  near  side  stop,  at  the 
intersection  approach,  (2)  far  side  stop,  beyond  the  intersection,  at  the 
exit,  and  (3)  midblock  stop,  at  some  point  in  the  middle  of  the  block. 
With  respect  to  the  impedance  caused  to  traffic  by  a  bus  stopped  to  service 
passengers,  bus  stops  can  be  classified  into  (1)  unprotected  stops,  where 
the  bus  blocks  traffic  and  (2)  protected  stops  where  the  stopped  bus  does 
not  impede  traffic  movements.   These  types  of  stops  are  examined  in  Chapter  III 

The  irregular  movement  of  buses  with  their  frequent  stops  to  load  and  un- 
load passengers  is  an  ingredient  of  arterial  traffic  very  difficult  to 
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characterize.   The  turbulence  caused  by  urban  bus  operation  on  traffic  flow 
is  also  a  complex  phenomenon. 

Approaches  to  the  Problem 

In  order  to  find  a  solution  to  the  problem  of  defining  in  precise 
terms  urban  bus  operation  on  arterial  streets  and  its  effect  on  other  traf- 
fic, the  Bureau  of  Public  Roads  (predecessor  of  the  Federal  Highway  Admin- 
istration) collected  data  on  this  subject  in  selected  sections  of  arterial 
streets  in  the  cities  of  Baltimore,  Chicago  and  Washington  in  1965.   The 
variables  measured  included: 

(1)  Traffic  volumes  per  lane. 

(2)  Number  of  turning  movements  at  intersections. 

(3)  Number  of  people  loading  and  unloading,  required  loading  and  unloading 
time  and  bus  delay. 

(4)  Bus  travel  time  and  average  speed. 

(5)  Travel  time  and  average  speeds  of  other  vehicles. 

A  follow  through  method  utilizing  bus  numbers  was  used  to  determine  total 
bus  travel  time  and  average  bus  speeds  through  the  section,  while  travel 
time  and  speed  of  other  traffic  was  measured  by  runs  made  by  a  test  car 
"floating"  in  the  traffic  stream. 

The  data  collected  was  analyzed  by  the  author  and  it  provided  valuable 
information  on  the  nature  of  urban  bus  operation  on  arterial  streets.   Bus 
delays  were  related  to  the  number  of  passengers  serviced,  the  impedance 
caused  by  other  traffic,  the  geometric  characteristics  of  the  arterial  and 
the  traffic  signal  control. 


The  analysis  of  the  data  also  revealed  that  some  relationships  could 
be  accurately  formulated  by  empirical  means,  but  the  definition  of  the 
entire  bus  operation  by  observation  and  statistical  inference  was  practically 
impossible.   There  are  so  many  variables  involved  that  the  determination  of 
their  numerous  relationships  would  have  required  a  huge  data  collection  and 
reduction  effort  which  was  considered  economically  unfeasible. 

A  possible  solution  of  the  problem  was  to  determine  some  relationships 
by  empirical  means  and  the  rest  of  them  by  a  mathematical  analysis  of  the 
phenomenon.   But  the  variability  of  passenger's  demand  and  traffic  parameters 
as  well  as  the  complicated  interaction  between  buses  and  other  traffic  made 
the  analytical  approach  virtually  intractable.   Then,  it  was  decided  to 
examine  the  simulation  approach. 

The  Simulation  Approach 

A  simulation  model  is  the  representation  of  a  real-life  system  by 
replication  of  a  succession  of  events  that  take  place  in  the  system  according 
to  mathematical  relationships  and  logical  decisions. 

The  simulation  technique  can  overcome  the  difficulties  inherent  to  the 
representation  of  the  complexities  of  a  bus/arterial  system.   It  is  possible 
to  establish  simple  mathematical  relationships  among  some  of  the  variables 
involved,  by  observation,  experimentation,  analytical  procedures,  or  by  a 
combination  of  those  means.   The  fixed  relationships  can  be  built  into  a 
simulation  model  and,  along  with  logical  principles,  serve  as  rules  to 
govern  the  occurrence  and  interaction  of  the  events  that  are  replicated  in 
the  model.   Then,  by  recording  the  simulated  events  and  their  repercussions 
throughout  the  system  represented,  a  picture  of  the  behavior  of  the  system 
under  specific  circumstances  is  created. 


The  application  of  this  technique  to  a  bus/arterial  system  may  appear 
as  an  impossible  task  due  to  the  great  number  of  events  that  take  place  at 
any  minute  in  such  a  system.   In  fact,  the  task  was  economically  prohibitive 
before  the  advent  of  the  high-speed  electronic  computers,  but  those  machines 
changed  the  situation  by  making  possible  the  replication  of  an  incredible 
number  of  events  in  a  very  short  time  and  at  an  acceptable  cost. 

Symbolic  simulation  is  one  of  the  techniques  made  feasible  by  the 
availability  of  computers ,  and  at  the  present  time  simulation  models  are 
universally  executed  on  computers.   For  that  purpose  they  have  to  be  ex- 
pressed in  a  language  that  the  computer  can  understand,  in  the  form  of  a 
computer  program.   The  program  has  become  not  only  the  interface  between 
the  model  and  the  computer,  but  it  is  often  the  only  medium  in  which  the 
model  is  defined  in  the  most  elemental  details.   Consequently,  simulation 
models  are  sometimes  referred  to  as  "simulation  programs''.   So  important 
is  the  role  of  the  digital  computer  in  symbolic  simulation  that  this 
technique^is  often  called  "computer  simulation"  or  "digital  simulation". 

In  symbolic  simulation  it  is  not  possible  to  examine  all  parts  of 
the  represented  system  simultaneously   therefore,  some  method  of  scanning 
should  be  used.   There  are  two  general  scanning  methods;   (1)  time  scanning 
where  the  state  of  the  entire  system  is  examined  at  regular  time  intervals; 
and  (2)  event  scanning  which  consists  of  determining  when  an  event  of 
significance  is  going  to  occur  and  examining  the  system  only  at  the  time 
such  an  event  occurs.   This  method  may  accelerate  the  execution  of  the 
model  but  it  usually  requires  more  ingenuity  from  the  model  developer. 

Simulation  of  the  Bus-Arterial  System 

Simulation  was  the  approach  adopted  to  the  problem  of  defining  urban 
bus  operation  on  arterial  streets. 
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To  find  the  effect  of  urban  buses  on  general  traffic,  urban  bus  operation 
was  incorporated  in  a  network  simulation  model  (UTCS-1)  developed  by  Peat, 
Marwick  Mitchell  and  Company  under  a  contract  with  the  Federal  Highway 
Administration.   ^But  a  more  detailed  representation  of  bus  performance, 
that  includes  the  effect  of  variations  in  passenger  demand,  fare  collection 
systems,  and  the  regularity  of  service  would  make  a  general  traffic  simulation 
model  too  detailed,  cumbersome  and  expensive  to  run. 

Therefore,  it  was  decided  to  create  a  special  bus  simulation  model 
to  represent  in  detail  urban  bus  operation  on  an  arterial  street,  ignoring 
the  effect  of  variations  on  bus  performance  on  other  traffic.   It  was 
considered  that  even  if  this  effect  is  significant  on  traffic  operation, 
the  changes  in  traffic  flow  induced  by  variations  in  bus  flow  will  not 
cause  a  significant  feedback  effect  on  the  bus  system. 

To  develop  such  a  model  it  was  necessary  to  collect  additional  data, 
and  analyze  and  define  in  mathematical  terms  two  fundamental  phenomena; 
(1)  bus  passenger  service  operation,  and  (2)  bus  speed  and  acceleration 
characteristics.  The  definition  of  those  phenomena  is  described  in  the 
next  two  chapters  while  the  following  chapter  presents  the  main  feature 
of  the  simulation  model  developed. 


■^Peat,  Marwick,  Mitchell  and  Co.  and  General  Applied  Science  Labora- 
tories, Inc.,  Network  Flow  Simulation  for  Urban  Traffic  Control  System, 
Technical  Report,  prepared  for  the  Federal  Highway  Administration  (Springfield 
Virginia:   National  Technical  Information  Services,  1971)  pp.  11-58. 


CHAPTER  I 


BASIC  RELATIONSHIPS  IN  THE  BUS  SYSTEM: 
BUS  PASSENGER  SERVICE  TIME 


The  performance  of  urban  buses  in  traffic  is  unique.  They  require 

more  room  per  vehicle  on  the  street  than  passenger  cars  because  of  their 

greater  size  and  slower  acceleration  characteristics.   But  this  is  also 
the  case  with  inter-urban  buses  and  trucks.  However,  what  makes  urban 

bus  performance  unique  is  their  passenger  loading  and  unloading  operation 

which  takes  a  considerable  portion  of  their  travel  time  and  may  cause 
substantial  impedance  to  traffic. 

Bus  Passenger  Service  Time 

Bus  passenger  service  time  is  defined  as  the  time  that  an  urban  bus 
spends  loading  and  unloading  passengers. 

4 
In  studies  made  in  Providence,  Rhode  Island   and  the  Saint  Louis 

metropolitan  area,   it  has  been  found  that  passenger  service  time  ranges 

from  17  to  26  percent  of  the  total  urban  bus  travel  time.   Bus  travel 

time  is  long:   10  minutes  per  mile  in  the  downtown  section  of  large 

cities  during  traffic  peak  periods. 


Wilbur  Smith  and  Associates,  Trade,  Transit  and  Traffic, 
Providence,  Rhode  Island  study  (New  Haven,  Connecticut:  Wilbur  Smith  and 
Associates,  1958). 

\l.   C.  Gilman  &  Company,  Engineers,  St.  Louis  Metropolitan  Area 
Transportation  Survey  Report  (Cleveland,  Ohio:  W.  C.  Gilman  &  Company, 
1959/)  ~ 


The  impedance  caused  to  traffic  bj  the  operation  of  loading  and 
unloading  passengers  depends  on  the  time  that  the  bus  stands  in  traffic 
lanes  to  provide  that  service  and  the  frequency  of  the  bus  stops. 
Passenger  service  time  varies  according  to  the  number  of  passengers 
loaded  and  unloaded,  the  speed  at  which  the  passengers  are  able  or 
willing  to  move,  the  fare  collection  system,  the  presence  of  standees, 
the  characteristics  of  the  bus,  the  amount  of  baggage  carried  by  the 
passengers,  etc. 

The  time  necessary  to  service  passengers  has  been  estimated  in 
several  studies.   In  a  special  report'  published  in  !'Traffic 
Engineering"  magazine  it  is  stated  that  for  passengers  without  baggages, 
with  few  transfers  and  no  fare  registration  by  driver,  the  loading 
headways  range  from  2  to  h   seconds  and  the  unloading  headways  from 
l|r  to1  2§-  seconds.   Similar  figures  are  given  in  other  publications. 

Relationships  between  the  number  of  passengers  loaded  and  unloaded 
on  a  bus  and  bus  passenger  service  time,  observed  in  several  European 
cities  are  shown  in  Table  .. 


6W.  P.  Walker,  and  R.  A.  Flynt,  "Mass  Transit  in  the  Utilization 
of  City  Streets",  Highway  Research  Board  Bulletin  lo7  (Washington,  D.  C: 
National  Academy  of  Sciences,  1957) ]   pp.  1-9 

Technical  Committee  6-C,  "Geometric  Design  of  Loading  Platforms 
and  Bus  Runways  for  Local  and  Suburban  Bus  Terminals",  Traffic  Engineering. 
XXVIII  (January,  1953),  pp.  U6-U8. 
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In  1968  and  1969  Boardman  and  Kraf4-  °'    made  a  study  on  bus 
passenger  service  time  in  the  city  of  Louisville,  Kentucky,  which 
produced  very  interesting  results.   Service  time  was  observed  at  twelve 
locations  in  downtown  Louisville,  while  the  corresponding  number  of 
passengers  loaded  and  unloaded  was  recorded.  A  "pay- as -you- enter, 
cash- and- change"  fare  collection  (the  passenger  pays  the  fare  as  he 
enters  and  receives  change  if  necessary)  was  in  effect  at  the  time  of 
the  survey.  Later  on,  when  the  fare  collection  system  was  changed  to 
"pay- as-you- enter,  exact-change"  (the  passenger  is  required  to  deposit 
the  exact  fare  as  he  enters)  new  observations  were  made.  A  regression 
analysis  was  performed  on  the  data  collected  and  its  results  are 
presented  in  Table  *•  . 

TABLE2 

BOARDMAN  AND  KRAFT  STUDY:  REGRESSION  EQUATIONS  FOR  BUS 
PASSENGER  SERVICE  TIME 


Operation 

Fare  Collec- 
tion System 

No.  of 
Observa- 
tions 

Coefficient 

of 
Correlation 

Equation  for  Predicting 
Passenger  Service  Time 

Loading 
Only  • 

Cash  &  Change 
Exact  Change 

in 

31 

0.97 
0.97 

z=- 0.086  +  2.586X 
z=  0.586  +  I.996X 

Unloading 
Only 

Cash  &  Change. 
Exact  Change 

121 
1^7 

0.87 
0.88 

2=1. Qkh  +   1.112Y 
/z=2.231+  +  1.079? 

Simultan- 
eous 

Loading  & 
Unloading 

Cash  &  Change 
Exact  Change 

296 
359 

0.9^ 
0.91 

£=1.770  +  2.276X  + 
0.973Y  -  0.023XY 

z=1.60k  +   2.15^X  + 
0.959Y  -  0.020XY 

X  =  Number  of  passengers  loaded,  Y  =  Number  of  passengers  unloaded 
Z  =  Predicted  service  time  in  seconds 


SOURCES:   Footnotes 


and 


W.  H.  Kraft,  and  T.  J.  Boardman,  "Predicting  Bus  Passenger 
Service  Time",  Traffic  Engineering,  XXXIX  (October,  1969),  pp.  16-20 

9T.  J.  Boardman,  and  W.  H.  Kraft,  "Predicting  Bus  Passenger 
Time  -  Part  II",  Traffic  Engineering,  XV  (February,  1970),  pp.  36-UO. 
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It  was  concluded  from  the  Louisville  study  that  bus  passenger 
service  time  can  be  predicted  accurately  knowing  the  number  of  passengers 
loaded  and  unloaded.   Also,  the  "exact  fare"  collection  system  was 
found  significantly  faster  than  the  "cash-and-change"  system  to  load 
passengers,  but  it  was  observed  that  the  time  saved  with  the  new  system 
is  small. 

Before  the  Louisville  study  was  undertaken,  the  author  had  been 
collecting  data  on  bus  passenger  service  time  in  Washington,  D.C.  to 
supplement  the  data  collected  by  the  Bureau  of  Public  Roads  (See  page  4) 
and  determine,  with  satisfactory  accuracy,  the  relationship  between  the 
number  of  passengers  serviced  and  service  time.   This  relationship  was 
going  to  be  used  as  a  building  block  in  the  development  of  an  urban  bus 
simulation  model  which  is  described  in  Chapter  III.   The  data  collection 
procedure,  the  analysis  of  the  data,  and  the  results  of  the  analysis  are 
presented  in  the  following  sections. 

Collection  of  Data  on  Bus  Passenger  Service  Time 
In  the  investigation  of  bus  passenger  service  time  made  by  the  author 
in  Washington,  D.C,  this  parameter  was  defined  as  the  time  elapsed  from 
the  moment  the  bus  door  or  doors  are  opened  until  the  last  passenger  has 
alighted  or  boarded  the  bus  and  the  driver  is  ready  to  go. 

After  consideration  of  various  methods  of  obtaining  the  necessary 
data,  the  following  procedure  was  selected: 
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An  ob server  is  stationed  at  a  bus  stop  with  a  stop  watch  and  a 
manual  counter.  The  stop  watch  and  the  counter  are  fixed  on  a  clip 
board  where  record  forms  are  also  attached.  The  stop  watch  is  started 
before  the  beginning  of  the  observation,  referenced  to  standard  time 
and  left  running  during  the  data  collection  period.  Then,  when  a  bus 
stops  to  service  passengers  the  beginning  and  the  end  of  the  service 
time  are  observed  on  the  stop  watch  and  recorded.  The.  number  of 
passengers  being  loaded  and  unloaded  are  registered  in  the  manual 
counter  and  their  totals  recorded  at  the  end  of  the  passenger  service 
operation.   If  the  driver  spends  time  giving  information  to  passengers 
this  time  is  noted  on  the  stop  watch  and  recorded.  Also  recorded  is  an 
estimate  of  the  number  of  standees  (to  the  nearest  multiple  of  five) 
and  the  type  of  bus . 

Bus  passenger  service  time  measurements  were  collected  between 
June  26,  1967?  and  September  9>  1967  5  at  five  locations  in  downtown 
Washington,  D.  C: 

Pennsylvania  Avenue  &  H  Street,  N.  W. 
Pennsylvania  Avenue  &  17th  Street,  N.  W. 
16th  Street  &  Riggs  Place,  N.  ¥. 
16th  Street  &  K  Street,  N.  ¥. 
13th  Street  &  F  Street,  N.  W. 
The  locations  were  selected  with  the  purpose  of  obtaining  a 
balanced  sample  under  the  most  common  circumstances.  A  total  of  2,662 
usable  observations  were  made.   All  the  buses  observed  belonged  to  the 
D.  C.  Transit  Company  which  served  the  District  of  Columbia. 
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When  the  observations  were  made,  the  fare  collection  system  in 
effect  was  "pay-as-you-enter,  cash- and- change,"  that  is  to  say,  the 
passenger  deposited  the  fare  in  a  box  as  he  boarded  the  bus,  but  if 
he  did  not  have  the  exact  fare  the  driver  "would  give  him  change.  The 
fare  was  25  cents  to  any  point  in  the  District  of  Columbia  and  free 
paper  transfers  were  given  so  passengers  could  use  up  to  three  different 
routes  with  one  fare.  There  was  a  token  system  and  reduced  student  fares. 

In  the  summer  of  1968  the  fare  collection  system  was  changed  to 
"pay-as-you-enter,  exact  change"  where  the  passenger  is  required  to 
deposit  the  fare  in  a  box  as  he  boards  the  bus,  as  before,  but  the  bus 
driver  does  not  give  him  change  if  the  passenger  does  not  have  the  exact 
fare.   It  is  also  possible  to  deposit  an  amount  greater  than  the  fare 
and  receive  redeemable  script  from  the  driver  for  the  overpayment. 

It  was  believed  that  the  change  in  the  system  of  collecting  fares 
might  have  had  an  effect  on  the  passenger  service  time.  Furthermore, 
it  was  assumed  that  any  effect  in  the  service  time  would  have  been 
confined  to  the  loading  of  passengers.  Therefore,  it  was  decided  to 
gather  information  on  passenger  loading  time  under  the  new  fare  collection 
system. 

From  June  27,  1970,  to  July  5,  1970,  a  total  of  ^27  observations  of 
passengers  loading  time  were  made  on  service  operations  with  boarding 
passengers  only.  The  data  were  collected  at  two  locations  that  had  been 
used  to  gather  previous  data  in  downtown  Washington,  D.  C: 
Pennsylvania  Avenue  &  11th  Street,  N.  W. 
13th  Street  &  F  Street,  N.  W. 
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The  observations  were  made  at  the  uimes  -when  more  passengers  were 

boarding  the  buses.  By  this  time  the  bus  fare  was  32  cents.  The 

3 

observations  are  classified  as  shown  in  Table 


TABLE J 
OBSERVATIONS  MADE  ON  BUS  PASSENGER  SERVICE  TIME 


Cash  &  Change 
Fare  System 

Exact  Change 
Fare  System 

Peak 

Off -Peak 

Peak 

Off-Peak 

Standees 

22U 

1+8 

19* 

7* 

No- Standees 

8U9 

mh 

153* 

2l+8* 

*Lo'ading  only 

Analysis  of  Data  Collected  on  Bus  Passenger  Service  Time 

Equation  to  Predict  Bus  Passenger  Service  Time 

An  examination  of  the  bus  passenger  service  operation  suggested 
that  it  might  be  possible  to  predict  service  time  using  an  equation  of 
the  type: 

'z     =a  +  bX+cY+d   (XY)  (l) 


where : 


/"\ 


Z  =  Time  required  to  load  X  passengers  and  unload  Y  passengers 
(not  including  the  time  when  the  bus  is  held  while  the 
driver  is  giving  information  to  passengers). 

a  =  constant  that  represents  the  time  necessary  to  start  and 
finish  the  loading  operation,  independent  of  the  time 

15 


needed  to  board  or  alight  by  each  passenger. 

b  =  additional  time  to  load  one  passenger 

c  =  additional  time  to  unload  one  passenger 

d  (XY)  =  term  which  expresses  the  interaction  of  boarding  and 
alighting  in  terms'  of  service  time.  An  increase  in 
service  time  might  result  because  of  the  possible 
interference  between  boarding  and  alighting  passengers, 
while  the  fact  that  loading  and  unloading  can  take 
place  simultaneously  through  different  doors  could 
result  in  a  decrease  in  passenger  service  time. 

The  nature  of  the  physical  phenomenon  analyzed  indicated  that  the 
first  three  terms  of  the  right-hand  member  of  , equation  (l)  must  be 
positive,  while  the  fourth  term  could  be  positive  or  negative. 

Regression  Analysis 

It  was  decided  to  perform  a  regression  analysis  on  the  data 
collected  to  estimate  the  values  of  the  parameters  of  equation  (l) 
that  minimize  the  sum  of  the  squares  of  the  differences  between  the 
observed  values  of  2  and  the  estimates  of  z  given  by  the  equation  when 
the  corresponding  values  of  X  and  Y  are  substituted  in  it.  For  simplicity 
the  value  of  the  exponent  t  was  assumed  to  be  one. 

Examining  the  distribution  of  the  observations  on  bus  passenger 
service  time  it  was  concluded  that  standard  statistical  tests  could  not 
be  applied  to  the  parameters  estimated  by  the  least  square  method 
mentioned  above  for  the  following  reasons: 
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1.  For  each  combination  of  a  given  number  of  passengers  loaded 
and  a  given  number  of  passengers  unloaded  (which  will  be 
further  referred  to  as  data  cell)  the  corresponding  values 
of  service  time  are  not  normally  distributed.   Their  distri- 
bution is  markedly  skewed  toward  the  right  because  if  there 

is  a  minimum  time  at  which  it  is  possible  to  service  a  certain 
number  of  passengers,  no  maximum  time  exists  for  this  operation. 

2.  The  variance  of  the  observed  service  time  within  each  data  cell 
varies  from  cell  to  cell.   It  tends  to  increase  as  the  service 
time  becomes  larger. 

To  overcome  the  above  limitations,  the  regression  analysis  was  to 
be  performed  not  on  the  individual  observations  of  service  time  but  on 
the  means  of  the  observations  for  each  data  cell.   Each  mean  was  affected 
by  a  weight  directly  proportional  to  the  number  of  observations  in  the 
corresponding  data  cell  and  inversely  proportional  to  the  variance  of 
the  observed  values  of  service  time  in  this  cell. 

Data  Sets  and  their  Comparison 

Before  a  weighted  multiple  regression  analysis  could  be  performed 
it  was  necessary  to  determine  the  different  universes  of  interest  in- 
volved in  the  data  collected  regarding  the  effect  of  the  fare  collection 
system,  the  presence  of  standees  and  the  time  of  the  day.   Initially  the 
data  were  separated  into  the  eight  data  sets  shown  in  Table  4  but  it  was 
evident  that  the  number  of  observations  made  on  buses  with  standees 
under  the  exact  change  fare  system  was  too  small  to  produce  meaningful 
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results.  Therefore,  the  data  sets  were  reduced  to  six  as  it  is  shown 
in  the  following: 

(1)  Cash  and  change,  peak  period,  standees. 

(2)  Cash  and  change,  peak  period,  no  standees. 

(3)  Cash  and  change,  off-peak  period,  standees. 
(k)       Cash  and  change,  off-peak  period,  no  standees. 

(5)  Exact  change,  peak  period,  no  standees. 

(6)  Exact  change,  off-peak  period,  no  standees. 

The  data  sets  had  to  be  compared  in  order  to  investigate  whether 
they  represented  samples  coming  from  different  universes  or  not.  To 
facilitate  the  comparison,  the  observations  where  only  loading  took 
place  were  extracted  from  data  sets  1,  2,  35  an<3.  h   and  data  subsets 
were  formed  with  them.   Similar  data  subsets  were  formed  with  the 
observations  where  only  unloading  occurred. 

A  weighted  simple  linear  regression  analysis  was  made  in  each  data 
subset  and  regressions  lines  determined  for  them.  Then,  by  comparing  the 
slope  and  the  intercepts  of  these  lines  it  was  possible  to  ascertain 
whether  the  conditions  represented  by  the  data  sets  were  significantly 
different.  The  results  of  these  tests  are  presented  in  the  next  section. 

Results  of  the  Investigation  of  Bus  Passenger  Service  Time 

Comparison  of  the  Data  Sets 

The  equations  of  the  regression  lines  corresponding  to  each  data 
subset  are  presented  in  Table  5  and  in  Figures  1,  2  and  3. 
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FIGURE  1 

REGRESSION  LINES  FOR  LOADING  PASSENGERS  WITH  CASH  AND  CHANGE  FARE  SYSTEM 
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FIGURE  2 

REGRESSION  LINES  FOR  UNLOADING  PASSENGERS  WITH  CASH  AND  CHANGE  SYSTEM 
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FIGURE  3 
REGRESSION  LINES  COMPARING  THE  EFFECT  OF  DIFFERENT  FARE  COLLECTION  SYSTEMS 
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Observations  for  data  set  3  were  too  few  to  produce  meaningful 
results. 

The  regression  equations  of  Table  4  were  compared  in  pairs.   In 
order  that  the  comparisons  were  made  for  equations  of  the  same  range 
it  was  often  necessary  to  discard  some  of  the  values  of  the  independent 
variable  in  one  of  the  data  sets  and  compute  a  new  regression  equation 
whose  range  would  match  that  of  the  other  data  set.  For  this  reason, 
the  values  used  in  the  comparisons  are  somewhat  different  from  those 
shown  in  Table  4. 

The  comparison  of  the  regression  lines  was  performed  in  two  steps. 

In  the  first  step  the  significance  of  the  simultaneous  difference 
between  their  slopes  and  intercepts  was  nested.  The  test  was  based 
on  changes  in  the  total  error  sum  of  squares  which  is  the  sum  of  the 
squares  of  the  differences  between  the  values  of  the  service  time 
observed  and  the  equivalent  values  obtained  using  the  regression  equation 
or  equations  determined  by  the  least  square  method.   In  the  test  this  error 
is  computed  for  each  of  the  two  lines  compared  and  both  values  are  added. 
Then,  the  data  corresponding  to  both  lines  is  pooled,  a  single  regression 
line  is  fitted  to  the  combined  data  and  its  error  sum  of  squares  is 
computed.   If  fitting  a  single  line  to  the  pooled  data  results  in  an 
increase  in  the  total  error  greater  than  what  can  be  attributed  to 
chance,  we  conclude  that  the  regression  lines  are  significantly 
different  at  the  level  of  significance  tested.  The  results  of  this 
test  are  shown  on  Table  5  . 
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In  the  second  step  the  slopes  of  the  lines  are  compared,  in- 
dependently of  the  intercepts.   To  compare  the  slopes  of  two  regression 
lines,  the  standard  deviation  of  the  distribution  of  their  difference 
was  estimated.   This  distribution  was  considered  normal  and  for  the 
purpose  of  the  test  its  mean  was  assumed  to  be  zero.   Then  the  observed 
difference  between  the  slopes  was  tested  to  determine  if  the  probability 
that  it  belonged  to  the  above  distribution  was  negligible.   This  was 
done  by  dividing  the  observed  difference  by  the  estimated  variance  of 
its  distribution  and  comparing  this  value  Z  with  a  normal  deviate  Zt 
which  represents  the  maximum  deviation  from  zero  that  can  be  attributed 
to  chance.   If  Z  % Zfc  we  concluded  that  the  difference  between  the 

C/   t 

slopes  was  significant .   The  comparison  of  the  slopes  of  the  regression 
lines  is  presented  in  Table  6. 

The  maximum  value  of  Z   that  is  attributed  to  chance  is  1.96 

c 

(0.05  level  of  significance). 

The  results  shown  in  Tables  5,  6  and  Figs.  1,  2,  3  lead  to  the 
following  conclusions : 

(1)   No  definite  effect  can  be  detected  from  the  presence  of  standees. 
The  plot  in  Figure  1  suggests  that  the  loading  observation  is  possibly 
retarded  by  the  existence  of  standees,  but  the  statistical  tests  did  not 
substantiate  this  effect.   It  could  be  possible  that  the  retarding  effect 
of  the  standees  is  stronger  as  their  number  increases,  but  this  possibility 
could  not  be  investigated  for  lack  of  data. 
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(2)  It  appears  that  the  time  required  to  load  and  unload  passengers 
during  the  peak  period  is  less  than  in  the  off-peak  hours.   In  the  rush 
period  everybody  seems  to  move  faster  but  crowded  bus  stops  might 
account  for  a  greater  intercept  during  that  time  for  the  loading  operation. 

(3)  The  change  in  the  fare  collection  system  from  cash-and-change 

to  exact  change  appears  to  have  somewhat  reduced  the  headways  of  passengers 
boarding  the  buses  during  the  off-peak  period.   During  the  peak  period 
no  significant  change  took  place.  On  the  other  hand,  the  intercepts 
seem  to  have  increased  slightly  with  the  new  fare  collection  system, 
possibly  because  of  the  longer  time  required  by  the  first  passenger  to 
have  the  exact  fare  ready. 

In  many  cases,  when  comparing  two  regression  lines,  the  changes  in 
slope  were  opposite  to  the  changes  in  intercept.   It  was  suspected  that 
this  phenomenon  could  have  been  produced  by  the  fact  that  a  straight 
line  was  fitted  to  different  samples  coming  from  a  universe  which  is 
better  described  by  a  curve  with  downward  curvature.  An  investigation 
was  made  of  the  difference  between  the  intercepts  obtained  by  fitting 
straight  lines  and  the  intercepts  that  would  result  by  subtracting 
the  value  of  the  slope  of  the  regression  line  from  the  observed  time 
to  load  or  unload  one  passenger.  No  appreciable  difference  was  found 
between  the  two  sets  of  intercepts. 

Multiple  Regression  Equations 

After  separate  simple  regression  analyses  were  made  on  the  cases 
where  pure  loading  or  pure  unloading  occurred,  a  multiple  regression 
analysis  was  performed  on  the  data  combining  pure  loading,  pure  unloading 
and  simultaneous  loading  and  unloading.   Table 7  lists  the  multiple 

27 


1-3 


CM 

CM 

-p 

LT\ 

CO 

-=h 

•    CO 

o 

ONOQ 

On           H 

CO 

H 

ON 

H 

0) 

ON 

ON 

ON 

• 

ON 

«M 

«vO  O 

o 

o 

<+H    d 

O  H      • 

II                CO 

o 

CO 

II 

CO 

II        J" 

fc*,co    ii 

X  Lf\^-v 

II 
X 

CO 

VO 

II 

fr 

VO        II 
O      — 

-P      « 

«CM    ON 

*\ 

OJ 

CM 

ir\    o 

fl     rQ 

*»     H 

>>H    CO    • 

!>5 

H 

ir\ 

tA 

H     J- 

•H 

Nil       •» 

H 

*\ 

H 

*\ 

H 

O    <H 

X    11       « 

X 

II 

«\ 

X 

II 

"-D     O 

•      H 

H 

• 

H 

H 

N    O— ' 

N      O^-^ 

N 

O 

"^-^ 

N 

o   ^-^ 

tih  h 

Sh      Ph     Ph 

u 

Ph 

Ph 

fH 

Ph      P4 

CM 

ON 

IT\ 

-=1-     H. 

CO 

H 

P 

H  CVJ 

OJ    VD    H 

co 

H 

LTN 

H 

covo  no 

•  o\. 

• 

ON 

CM 

ON 

•    .  o 

O    CO      • 

o 

• 

• 

<fH 

O  LTN      • 

ii          co 

II 

ON 

co 

o 

CO 

O 

II        -4- 

>s          II 

>i  VO 

li 

II 

O        II 

P 

&    ^ 

X"        ON 

X 

ON 

CM 

% 

ON     .—v 

•      O 

o  ^ 

•      H 

CO 

• 

H 

LTN 

• 

ON     J- 

<4H 

XII      •» 

X    II       •> 

b 

11 

H 

x^ 

H 

II                   «N 

<i-l 

«     H 

H 

r\ 

H 

«\ 

H 

w 

tsi   o-^ 

ISl      O — ' 

tsi 

O 

^ " 

tsi 

o 

*H    P^    Ph 

U      pH    Ph 

Pi 

Ph 

Ph 

5h 

Ph       Ph 

H 

H 

H 

CO 

ON 

ON 

ON 

o 

CM    J"       • 

C- 

• 

IXN 

• 

<H 

-4-00     • 

VO     O    CO 

CO 

CO 

ON 

CO 

o 

COO-* 

CO    -4      II 

CO 

LTN 

II 

CO 

II 

ON  CM     II 

•                 y — v 

VO 

• 

VO     -~^ 

p 

•                s — ^ 

o        o 

o 

LTN 

CO 

o 

VO      H 

o 

O          CVJ 

II        -=i- 

II 

LPv 

II 

LTN     ^t 

<u   o 

II          LTN 

X          H 

X 

H 

X 

H 

<4H 

Xll      « 

•                         #\ 

• 

II 

•\ 

« 

II 

«H 

!>>     H 

!>>   II    H 

i» 

H 

>3 

H 

w 

N    O-^ 

N       O^— ' 

N 

r  O 

^ i* 

ISl 

o   ^-^ 

U  Ph    Ph 

Pi        Ph     Ph 

u 

Ph 

r^ 

?H 

Ph       ^ 

CO 

H 

C(H 

o 

o\ 

H 

O 

• 

• 

ON 

H 

H  roJ" 

co         co 

• 

ON 

+? 

t>-co    II 

CM              II 

o 

CO 

0 

o 

Onco-~ - 

ON           -~- 

H 

CO 

II 

o 

co 

(U 

ro 

•    VD  .H 

ON 

co 

• — 

o 

CM        II 

<JH   & 

O       itn 

O     H  -=T 

• 

t>- 

-=J- 

ON 

O      ^ 

<Vh 

n    ii     •» 

II     CO    H 

o 

LT\ 

• 

VO      CM 

W 

X       H 

X     II       « 

II 

11 

H 

o 

J" 

N  o^-^ 

N       CTH 

X 

•N 

II 

II      H 

^  Ph  Ph 

Pi     Ph  -— 

(CI 

o 

rH 

X 

«\ 

Ph 

U 

Ph 

N 

^ 

o    H 

Ph     -— 

• 

-3- 

On 

o 

j- 

•   w 

CM 

-=f 

VO 

H 

►2  5 

CM 

CO 

H 

H 

S  o 

H 

H 

fl 
o 

H 

-3- 

H 

-d 

S 

•H 

CO 

CM 

tj 

j- 

(U 

-P 

ON 

CO 

0) 

LTN 

-d 

CO 

d 

OJ 

O 

d 

tTN 

p! 

CM 

^ 

o 

• 

pi 

O 

iH 

LTN 

D1 

• 

o 

H 

• 

o 

O 

W 

o 

1 

o 

o 

X 

• 

1 

!>+ 

0 

pq 

O 

fl 

>H 

H 

>H 

1 

O 

CO 

w          H 

J" 

w 

>H 

•H 

t- 

w 

ON 

0) 

CO 

to 

oo 

OJ               ON 

CD 

o 

(U 

CO 

w 

• 

CD 

<U 

• 

d 

o 

(D 

w        O 

d          o 

TJ 

H 

• 

?H 

0)         + 

fl            4* 

fj 

+ 

Cq 

H 

bO 

Q)        X 

3           ><! 

ro 

X 

-P 

•   + 

<L> 

<d        o 

P            H 

P 

-d- 

CO 

X 

K 

3       co 

CO           o 

CO 

CO 

CO 

ON 

o 

«\ 

t>- 

08 

p         • 

O 

*\ 

• 

■a 

o 

CO          CO 

Ph           cm 

■s 

CO 

• 

W 

+ 

+ 

+ 

0) 

CO 

fl 

~        CVJ 

«             ON 

OJ 

VO 

Ph 

+ 

o 

•H 

M         O 
cd        VO 

■a    .? 

Ph 
I 

LTN 

I 

OJ 

H 

P 

CD 

0) 

<M 

CH 

LTN 

•d 

Ph          CO 

Ph            CO 

«H 

co 

o 

• 

-d 

O 

CO 

fl 

1         II 

1           II 

I 

II 

1 

II 

o 

— 

o 

H       <?» 

cm        <;»] 

_=!- 

<:«j 

_=f 

<w 

•  -d 

<i) 

w 

Pi 

fl 

(U 

<D 

^3 

W 

crt 

,a 

a 

0) 

p 

w 

>5 

w 

d 

O 

•H 

p 

o 

(U 

H 

H 

O 

O 

CO 

W) 

rfl 

o 

1 

-d 

i 

w 

cd 

LTN 

o 

ON 

• 

crt 

o 

CJ 

<u 

fH 

o 

aj 

rg 

0) 

^ 

o 

c 

w 

(I) 

fl) 

Tj 

M 

•H 

d 

<+H 

o 

S 

o 

CD 

o 

X3 

p 

Ch 

O 

o 

p 

H 

0) 

■d 

t> 

fl 

Q) 

o 

H 

Ph 

ra 

crt 

fl) 

Jh 

^ 

Jh 

o 

O 

Ch 

CJ 

fl) 

w 

a 

fl 
o 

•H 

P 

Ol 

cct 

!> 

pi 

H 

o^ 

!> 

0) 

Ph 

CO 

w 

<w 

a; 

O 

^ 

H 

w 

(U 

•  • 

pi 

CD 

H 

P 

ctf 

o 

> 

S 

28 


regression  equations  for  estimating  bus  passenger  service  time, 
in  seconds,  given  the  number  of  passengers  loaded  and  unloaded  and  the 
time  of  the  day.  Again,  the  number  of  observations  in  data  set  3  was 
too  small  to  produce  meaningful  results.  Those  observations  were 
combined  with  those  of  data  set  k   and  presented  as  data  set  h.     For 
downtwon  Washington,  D.  C.  the  peak  period  was  considered  to  be 
between  7:00  and  9:30  a.m.  and  U:00  and  6:30  p.m. 

The  effect  of  the  time  of  the  day  and  the  presence  of  standees, 
which  was  tested  by  simple  regression  procedures  is  reflected  in  the 
multiple  regression  equations.  The  equations  corresponding  to  the 
data  sets  2  and  h     are  included  to  show  the  effect  of  standees,  but 
they  do  not  have  any  special  meaning  because  the  number  of  standees 
involved  is  not  known. 

For  each  equation  in  Table  7  the  values  of  the  following  statistical 
parameters  are  given: 

The  coefficient  of  multiple  correlation  r„   -,„„..  which  is  the 

square  root  of  the  proportion  of  the  variability  of  a  that  can  be 

explained  in  function  of  X,  Y  AND  XY  (X  time  Y) .  Also,  the  coefficients 

of  partial  correlation  r_v,  r_,_  „,  r_  ___  „  __  which  indicate  the 

—  —  Zijl        z  j  •  x    z  2  xy  *  x }  y 

proportion  of  the  "unexplained"  variability  of  *g  that  can  be  attributed 
to  one  independent  variable  (the  one  at  the  left  of  the  period  in  the 
subscript)  after  the  effect  of  other  variables  (those  at  the  right  of 
the  period)  has  been  taken  into  account. 
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The  value  of  the -computed  overall  F  (Fc  in  the  last  column) 
indicates  the  significance  of  the  joint  effect  of  the  coefficients  of 
the  regression  equation  in  "explaining"  the  variability  of  Z.  This 
is  done  by  comparing  the  value  of  Fc  -with  the  corresponding  value  given 
by  the  table  of  the  F  distribution  (F(y-j_,Vp))  for  the  degress  of 
freedom  considered  (y^   and  ,v„)  and  the  level  of  significance  selected. 
If  Fc*SF(v1  =  V2)  "which  happens  in  all  the  cases,  it  can  be  assumed  that 
the  joint  effect  of  the  coefficients  b-  _c  and  d  is  significant  at  the 
level  chosen  (0.05). 

The  value  of  the  computed  partial  F  (Fc  in  columns  3,   h   and  5) 
is  used  to  test  the  significance  of  the  individual  coefficients  of  the 
regression  equation  by  a  procedure  similar  to  the  one  described  in  the 
above  paragraph.  The  effect  of  all  the  coefficients  in  all  the  data 
sets  was  significant  at  the  0.05  level.  However,  the  effect  of  the 
coefficient  d  was  considerably  less  significant  than  the  effects  of 
b  and  c_. 

Comparing  the  equations  of  Tables  2  and  7,  it  can  be  noted  that  the 
coefficients  of  Y  are  similar  in  both  tables.  However,  the  intercepts 
and  the  coefficients  of  X  are  larger  in  the  equations  fitted  for  the 
Washington  data  than  in  the  equations  for  Louisville.  The  reason  for  the 
discrepancy  might  be  different  passenger  loading  conditions  or  perhaps 
the  fact  that  in  Louisville  it  was  decided  to  ignore  the  passengers 
boarding  the  bus  sometime  after  the  initial  queue  waiting  to  board  had 
done  so.   In  Washington,  all  passengers  were  included  in  the  data 
collected. 
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In  any  case,  differences  in  the  dimensions  of  the  buses  and  in 
passenger  loading  and  unloading  conditions  affect  passenger  service 
time.  There  is  not  a  unique  equation  that  could  be  used  in  every  city  to 
estimate  passenger  service  time.  For  every  set  of  conditions  it  will 
be  necessary  to  derive  a  specific  equation  based  on  data  collected  for 
that  particular  set  of  conditions.  Nevertheless,  according  to  the 
results  obtained  in  this  study,  for  conditions  similar  to  those  described 
for  Washington,  D.  C,  preliminary  estimates  of  passenger  service  time 
can  be  obtained  using  the  simplified  versions  of  the  equations  of  Table  7 
presented  below. 

For  "cash  and  change"  fare  system: 

z"  =  3.5  +  3X  +  Y  -  0.05XY 
For  "exact  change"  fare  system: 

Z*  =  U.5  +  2.7  X  +  Y  -  0.05XY 


Where: 


Z  =  passenger  service  time  in  seconds 
X  =  number  of  passengers  loaded 
Y  =  number  of  passengers  unloaded 
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CHAPTER  II 


BASIC  RELATIONSHIPS  IN  THE  URBAN  BUS  SYSTEM: 
BUS  SPEED  AND  ACCELERATION  CHARACTERISTICS 


Urban  bus  speed  and  accleration  characteristics  are  time- space  rela- 
tionships basic  to  the  development  and  calibration  of  a  bus  simulation 
model.   This  chapter  discusses  the  work  done  by  the  author  to  investigate 
those  characteristics  of  urban  buses  operating  in  downtown  Washington, 
D.  C.  The  buses  observed  were  those  of  the  firm  "D.C.  Transit." 

Definitions 
Acceleration  rate  is  the  increase  in  velocity  per  unit  of  time. 
Deceleration  rate  is  the  decrease  in  velocity  per  unit  of  time. 

Buses  do  not  accelerate  and  decelerate  at  constant  rates.  Thus, 
the  values  measured  represent  the  equivalent  constant  rates  that  would 
have  produced  the  changes  in  speed  observed. 

Bus  normal  cruising  speed  is  the  most  desirable  speed  at  which  a 
bus  can  travel  through  a  certain  street  under  the  existing  conditions. 
It  is  not  necessarily  the  maximum  speed  at  which  the  buses  can  move 
because  traffic  safety  and  passenger  comfort  impose  limitations  to  this 
speed. 

Acceleration  delay  is  the  difference  between  the  time  necessary  for 
a  bus  to  attain  its  normal  cruising  speed,  covering  a  certain  distance, 
and  the  time  that  it  would  have  taken  the  bus  to  cover  the  same  distance 
at  constant  normal  cruising  speed.   It  is  the  time  necessary  to  overcome 
bus  inertia. 
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Deceleration  delay  is  a  concept  similar  to  that  of  acceleration  delay. 
It  is  the  extra  time  needed  to  decelerate  a  bus  gradually  instead  of 
bringing  it  to  an  instantaneous  stop  from  its  normal  cruising  speed. 

Intersection  delay  is  the  difference  between  the  actual  time  that  it 
takes  a  bus  to  go  through  an  intersection  and  the  time  required  to  cover 
the  same  distance  at  normal  cruising  speed.   This  delay  includes  the  time 
lost  in  queues  at  the  approaches  to  the  intersection. 

Bus  stop  delay  includes  deceleration  and  acceleration  delays  and 
waiting  time  associated  with  passenger  service  operations.   The  waiting 
time  could  be  the  actual  time  consumed  servicing  passengers  or  the  time 
that  a  bus  is  being  held  by  another  bus  which  is  loading  or  unloading. 

xraversal  uime  is^  in  general ,  uuc  oi.me  ui±s.u  iu  uSjxes  a  vstixCls  uO 
traverse  or  go  through  a  certain  distance. 

Bus  traversal  speed  means  in  this  study  the  over-all  speed  at  which 
a  bus  has  traversed  a  given  distance,  exclusive  if  initial  acceleration 
delay,  bus  stop  delay  and  final  deceleration  delay,  but  including  all 
other  mid-block  delays,  such  as  those  caused  by  illegally  parked  vehicles. 

Investigation  of  Acceleration  and  Deceleration 

Measurement  of  Bus  Acceleration  and  Deceleration 

Acceleration  and  deceleration  were  measured  on  six  buses  during  three 
different  days.  An  observer  rode  on  the  buses  in  a  position  where  he 
could  see  the  bus  speedometer.   Then  when  the  bus  accelerated  from  a 
stop,  the  time  to  attain  normal  cruising  speed  was  measured  with  a  stop 
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« 
watch,  in  seconds,  and  recorded.   The  normal  cruising  speed  was  observed 
on  the  bus  speedometer,  in  miles  per  hour,  and  also  recorded. 

Bus  acceleration  was  variable,  but  equivalent  constant  acceleration 
rates,  in  miles  per  hour  per  second  were  computed  as  follows: 

E.C.  ACCELERATION  RATE=  NORMAL  CRUISING  SPEED  IN  M.P.H, 

TIME  TO  ACCELERATE  IN  SECONDS 

Bus  deceleration  was  measured  in  a  similar  manner.  The  equivalent 
constant  deceleration  rates,  in  miles  per  hour  per  second,  were  calculated 
by  the  following  expression: 

E.C.  DECELERATION  RATE=  NORMAL  CRUISING  SPEED  IN  M.P.H. 

TIME  TO  DECELERATE  LN  SECONDS 

The  rates  in  feet  per  second  per  second  can  be  found  multiplying  by 
the  conversion  factor  I.U67  the  values  given  by  the  above  expressions. 

Analysis  of  Data  on  Acceleration  and  Deceleration 

A  total  of  212  observations  of  normal  cruising  speeds,  acceleration 
and  deceleration  were  made,  125  during  the  peak  period  and  87  in  the 
off-peak  period. 

The  mean  of  the  observed  values  of  the  bus  normal  cruising  speed, 
during  the  peak  period,  was  19«7  miles  per  hour  and  the  standard  deviation 
of  the  observations  5.0  m.p.h.  During  the  off-peak  period  the  mean  was 
20.9  m.p.h.  and  the  standard  deviation  k.'J   m.p.h.  No  significant  difference 
was  found  between  the  peak  and  off-peak  values  of  the  bus  normal  cruising 
speed  at  the  0.05  level  of  significance,  using  the  "Student-t"  test. 
The  pooled  mean  for  both  periods  was  20.2  m.p.h.  (29-7   feet  per  second). 
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A  synthesis  of  the  acceleration  and  deceleration  rates  observed  is 
presented  in  Table  8  . 


TABLE  3  -  STATISTICS  COMPUTED  FROM  THE  OBSERVATIONS  ON  BUS 
ACCELERATION  AND  DECELERATION 


ACCELERATION  RATES 

DECELERATION  RATES 

Number  of 
Observa- 
tions 

j Standard* 

Mean* • 

Deviation 

Number  of 
Observa- 
tions 

Mean* 

Standard* 
Deviation 

PEAK  PERIOD 

63 

2.17 

0.50 

62 

3.01 

0.81 

OFF-PEAK  PERIOD 

^3 

2.16  l   0.1*9 

kk 

2.72 

0.6^ 

*  In  miles  per  hour  per  second 

The  means  of  the  acceleration  and  deceleration  rates  in  the  offpeak 
period  were  compared  with  their  equivalent  values  for  the  peak  period 
using  "Student-t"  tests.  No  significant  difference  was  found  between  the 
acceleration  rates;  however,  there  was  a  significant  difference  at  the 
0.05  level  between  the  means  of  the  deceleration  rates.  Therefore,  the 
rates  selected  to  be  used  in  simulation  are  the  following: 


Acceleration  rate,  both  periods:   2.2  miles  per  hour  per  second 

(3.2  feet  per  second  per  second) 

Deceleration  rate,  peak  period:   3.0  m.p.h.  per  sec.  (U.lj-ft.  per 

sec.  per  sec.) 

Deceleration  rate,  off-peak  period:  2.7  m.p.h.  per  sec.  (k.O   ft. 

per  sec.  per  sec. ) 


Investigation  of  Traversal  Speed 


Measurement  of  Bus  Traversal  Speed 


Bus  traversal  speed  was  measured  from  aerial  photographs  that  had  been 
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taken  to  calibrate  and  validate  a  network  simulation  model  developed  for 
the  Federal  Highway  Administration^-0.  The  photographs  were  taken  in  the 
summer  of  1970  with  a  70mm  time  sequence  camera,  mounted  on  a  helicopter 
hovering  at  an  altitude  of  6,000  feet.  The  focal  length  of  the  camera 
was  set  to  produce  an  image  of  approximately  1:22,500  scale,  covering  a 
network  of  about  30  intersections.  All  photography  was  exposed  at  a  speed 
of  1  frame  per  second,  using  high  quality,  fine  grained  color  film. 

Two  films  were  used  to  measure  traversal  speed:   one  of  them  contain- 
ing 30  minutes  of  peak-period  traffic  and  the  other  one  covering  30  minutes 
of  off-peak  traffic.   The  section  selected  for  the  measurements  was  a 
five-block  stretch  of  an  arterial  street  (Pennsylvania  Avenue,  in 
Washington,  D.  C.)  as  shown  in  Figure  h. 

.m  s6o  o±  reference  points,  such  as  SuCp  lilies  snu  cross  va-ucs  was 
established  in  the  test  section.  To  measure  bus  travel  time  between  two 
reference  points,  the  time  of  departure  of  the  bus  from  one  reference 
point  and  the  time  of  arrival  to  the  other  reference  was  determined  by 
recording  the  number  of  the  frames  where  those  events  have  occurred. 
The  difference  between  the  frame  numbers  gives  bus  travel  time  in  seconds, 
because  the  time  interval  between  consecutive  frames  is  one  second. 

Travel  time  was  measured  in  bus  runs  that  did  not  include  intersec- 
tion or  bus  stop  delays.  There  were  three  types  of  measured  runs: 


Teat,  Marwick,  Mitchell  &  Co.  and  General  Applied  Science 
Laboratories,  Inc.,  Network  Flow  Simulation  for  Urban  Traffic  Control 
System,  Technical  Report,  (Springfield,  Virginia:   National  Technical 
Information  Services,  1971),  pp.  67-77. 
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FIGURE  h 
TEST  SECTION  SELECTED  IN  WASHINGTON,  D.C.  TO  MEASURE  BUS  TRAVERSAL  SPEED 


37 


1.  From  a  stop  line,  "bus  stop  or  an  intersection  queue  where  the 

bus  was  accelerating,  to  a  point  where  the  bus  was  moving  at 
a  constant  speed. 

2.  From  a  point  where  the  bus  was  'moving  at  a  constant  speed  to 
a  stop  line,  a  bus  stop  or  an  intersection  queue  where  the 
bus  decelerated  and  came  to  a  stop. 

3.  Between  two  points  where  the  bus  has  been  moving  at  constant 
speed. 

To  convert  bus  travel'  time  into  bus  traversal  speed  it  was  necessary 
to  subtract,  from  the  value  of  travel  time,  the  initial  acceleration 
delay  (if  any)  or  the  final  deceleration  delay  (if  any)  and  to  divide 
the  resulting  time  by  the  distance  between  the  reference  points  used. 

Therefore,  bus  traversal  speed  in  feet  per  seconds  is  given  by  the  follow- 

.  v 

mg  expression: 

B  T.S ■=  Final  Frame  No.  -Init.  F.  No.  -Ace.  Delay  in  Sec.  -Dec.  Delay  in  Sec, 
Distance  between  Reference  Points  in  Feet 

where  the  frames  are  those  which  show  the  start  and  the  end  of  the  bus 
run  between  the  reference  points  that  define  the  length  of  the  run. 

The  distance  between  reference  points  was  measured  directly  in  the 
field,  but  the  procedure  to  evaluate  the  acceleration  and  deceleration 
delay  was  more  involved. 

The  acceleration  and  deceleration  performance  of  buses  and  other 

11  1  7 
vehicles  was  investigated  in  the  literature  -»   and  according  to  the 

information  found,  the  curves  of  Figures  5  and  6  were  drawn.   These 
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FIGURE  5 

SPEED-TIME  RELATIONSHIP  DURING  NORMAL  ACCELERATION  OF  BUSES 
(Sources:  Curve  1  -  Thomas  B.  Deen,  "Acceleration  Lane  lengths  for  Heavy 
Commercial  Vehicles,"  Traffic  Engineering,  XXVII  (February,  1957)- 
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/Deceleration  of  Passengers  Cars 


^Deceleration  of  Urban 
Buses  -  Off- Peak 
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FIGURE  6 


SPEED-TIME  RELATIONSHIP  DURING  NORMAL  DECELERATION 
(Source:    John  Beakey,    "Acceleration  and  Deceleration  Characteristics     of 
Private  Passenger  Vehicles,"   Proceedings,    Highway  Research  Board,   Vol. 
18,    Part   1,      1938) 
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curves  represent  probable  speed-time  relationships  for  an  urban  bus  which 
accelerates  and  decelerates  at  the  average  rates  observed  in  the  field, 
from  and  to  the  average  normal  cruising  speed  recorded  in  the  field. 

In  Figure  5  the  area  OPQ,  under  the  curve  represents  the  distance  that 
a  bus  has  traveled  accelerating  from  zero  speed  to  the  normal  cruising 
speed.   If  a  rectangle  MNPQ,  is  drawn  such  as  area  MNPQ,  =  area  OPQ,,  the 
magnitude  MP  is  the  time  that  it  would  have  taken  to  cover  the  acceleration 
distance  at  a  constant  speed  equal  to  the  normal  cruising  speed.  Then, 
according  to  the  definition  of  acceleration  delay,  this  value  -will  be 
given  by  the  magnitude  OM.  Then,  the  acceleration  delay  can  be  estimated 
by  finding  the  position  of  the  vertical  straight  line  NM  that  makes 
area  A  under  the  curve  equal  to  area  B  over  the  curve.  A  value  of  3 .75 
seconds  vas  found  as  bus  acceleration  delay  for  a  mean  normal  cruising 
speed  of  20.5  miles  per  hour  and  an  acceleration  rate  of  2.2  miles  per 
hour  per  second. 

The  deceleration  delays  were  estimated  in  the  same  manner.  For  the 
same  cruising  speed  of  20.5  m.p.h.  and  the  peak  period  a  delay  of  2.5 
seconds  was  found  for  a  deceleration  rate  of  3.0  m.p.h.  per  second.  The 
delay  for  the  off-peak  period  was  3.0  seconds,  corresponding  to  a  deceler- 
ation rate  of  2.7  m.p.h.  per  second. 


^Thomas  B.  Deen,  "Acceleration  Lane  Lengths  for  Heavy  Commercial 
Vehicles",  Traffic  Engineering,  XXVII  (February,  1957),  pp.  22-2*+. 

John  Beaky,  "Acceleration  and  Deceleration  Characteristics  of 
Private  Passenger  Vehicles",  Proceedings,  Highway  Research  Board,  Vol.  18, 
Part  1,  (Washington,  D.  C:  National  Academy  of  Sciences,  1938)?  PP-  53-57. 
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The  mean  -values  of  the  acceleration  and  deceleration  delays  were  used 
as  constant  corrections  to  estimate  the  value  of  the  traversal  speed  for 
each  individual  run.   It  is  recognized  that  these  delays  may  vary  from 
run  to  run,  but  the  magnitude  of  their  variation  is  very  small  compared 
■with  the  value  of  the  travel  time. 

In  addition  to  the  travel  time  measurements,  at  the  beginning  of  each 
bus  run  the  number  of  moving  vehicles  in  the  block  involved  was  counted 
and  recorded.  These  data  were  collected  to  compute  the  density  of  traffic 
associated  to  each  bus  run. 

Analysis  of  the  Data  on  Bus  Traversal  Speed 

During  the  peak  period,  135  observations  of  bus  traversal  speed  were 
made.  The  mean  of  the  observations  (time  mean  speed)  was  20.12  m.p.h. 
(29.52  ft.  per  sec.)  and  their  standard  deviation  was  ^.08  m.p.h.  (5*98  ft. 
per  sec).  In  the  off-peak  period,  66   observations  of  traversal  speed 
gave  a  mean  of  I9.6U  m.p.h.  (28.82  ft.  per  sec.)  and  a  standard  deviation 
of  U.71  m.p.h.  (6.91  ft.  per  sec). 

Two  possible  and  measurable  sources  of  variation  for  the  bus  traversal 
speed  were  identified:   l)  the  time  of  the  day,  and  2)  the  traffic  density. 
To  determine  whether  part  of  the  variability  of  the  traversal  speed  can 
be  attributed  to  those  sources,  an  analysis  of  variance  was  performed  on 
the  data  collected,  grouping  the  observations  as  shown  in  Table  9. 

Since  the  number  of  observations  were  not  the  same  from  one  cell  to 
the  other,  a  method  of  weighted  squares  of  means  was  used  in  the  analysis. 

1  o 

This  method  is  described  by  Anderson  and  Bancroft  .  The  resulting  ANOVA 
Table  is  Table  10.. 
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TABLE  9      -   DATA  ON  BUS   TRAVERSAL  SPEED  IN  M.P.H. 

GROUPED  BY  TIME  OF  THE  DAY  AND  TRAFFIC 

DENSITY  OBSERVED 


Time  of    /  Density  in  Veh. 
the  Day  '    per  lane  per  mile 

1 

0-9 

10-19 

20-29 

30-39 

40-49 

50-69 

Peak 
Period 

No.   of  Cbs. 
Mean 
Std.   Dev. 

19 

21.20 
4.10 

33 

21.31 
3.40 

35 

20.07 
4.35 

36 

19.18 
4.36 

10 

17.83 
3.19 

2 

19.72 
1.45 

Off-peak 
Period 

No.   of  Obs. 
Mean 
Std.    Dev. 

9 
22.04 

3.65 

23 

19.22 
4.00 

15 

21.64 
3.65 

10 

19.54 
5.78 

6 

17.95 
2.51 

3 

9.50 

3.01 

TABLE  10    -  ANOVA  TABLE  FOR  BUS   TRAVERSAL  SPEEDS   IN  M.P.H. 


Source  of 
Variation 

Degrees  of 
Freedom 

Sum  of 
Squares 

Mean 
Square 

F 

Significance  at 
the  0.05  level 

Time  of  Day 
Density' 
Interaction 
Error 

1 

5 

5 

189 

7.02 

386.32 

208.72 

3847.91 

7.02 
77.26 
41.74 
20.36 

0.34 

3.79 
2.05 

No 

Yes 

No* 

■^Significant  at  the  0.10  level 


n. 
R.  L.  Anderson  and  T.  A.  Bancroft,   Statistical  Theory  in  Research, 

(New  York:     McGraw-Hill  Book  Company,    Inc.,    1952),   pp.   278-284. 


43 


The  results  of  the  analysis  of  variance  indicate  that  at  the  0.05 
level  there  is  no  significant  effect  of  the  time  of  the  day  on  bus  traversal 
speed.  However,  at  the  same  level,  the  effect  of  traffic  density  on 
bus  speed  is  significant. 

Data  from  the  peak  period  were  combined  with  those  of  the  off-peak 
period  and  arranged  as  shown  in  Table  H  .   Then  a  comparison  between 
means  was  done,  analyzing  their  differences  by  the  "t- Student"  test  as 
shown  in  Table  12 . 

TABLE  n  -  COMBINED  DATA  ON  BUS  TRAVERSAL  SPEED  IN  M.P.H. 
FOR  THE  PEAK  AND  OFF-PEAK  PERIODS  GROUPED 
.  ACCORD  BIG  TO  THE  TRAFFIC  DENSITY  OBSERVED 


I 

Data 

Density 

No.   of 

Mean  Traversal 

Standard 

Set 

Range 
veh/mile 

Observations 

Speed,   M.P.H. 

Deviation 

M.P.H. 

1 

0-9 

28 

2lM 

3.92 

2 

10-19 

% 

20.  U5 

3.7^ 

3 

20-29 

50 

20. 51)- 

2.95 

k 

30-39 

U6 

19.26 

k.ek 

5 

^0-^9 

16 

17.87 

2.9k 

6 

50-69 

5 

13.59 

1 

6.03 

TABLE 
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COMPARISON  OF  MEANS   OF  TRAVERSAL  SPEEDS 


Data  Sets 

Difference 

Pooled 

Value  of 

Significance 

Compared 

Between  Means 
M.P.H. 

Standard 
Deviations 

M.P.H. 

Statistic  "t" 

at  the  0.05   level 

1  vs  2 

1.02 

3.78 

1.17 

No 

2  vs  3 

-O.O9 

3-^1 

-0.13 

No 

3  vs  if 

1.28 

3.79 

I.65 

No 

k  vs  5 

1.38 

U.19 

1.13 

No 

5  vs  6 

k.?_Q 

3.80 

2.20 

Yes 

3  vs  5 

2.67 

2.97 

3.13 

Yes 

1 
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11      1 2 

According  to  the  information  presented  in  Tables    and    it  can 

be  concluded  that  the  effect  of  traffic  density  on  bus  traversal  speed  is 
not  appreciable  until  there  are  about  30  vehicles  per  lane  and  per  mile. 
In  other  words,  up  to  that  level  of  density  traffic  does  not  represent  a 
practical  impedance  to  buses  and  bus  traversal  speed  is  equal  to  the  bus 
normal  cruising  speed.  However,  it  appears  that  beyond  30  vehicles  per 
lane  per  mile  traffic  density  significantly  affected  bus  traversal  speed. 
The  function  which  relates  bus  traversal  speed  to  traffic  density  is  not 
known.   It  cannot  be  inferred  from  the  data  available  because  the  number 
of  observations  is  relatively  small  and  the  effect  of  other  variables 
not  taken  into  account  is  strong.  Nevertheless,  two  facts  seem  to  be 
certain  from  the  analysis  made  and  the  nature  of  urban  traffic  flow: 

(1)  Beyond  a  certain  threshold,  bus  traversal  speed  diminishes 
as  traffic  density  increases. 

(2)  Bus  traversal  speed  must  be  zero  when  the  concentration  of 
vehicles  reaches,  a  certain  "jam"  density. 

The.  threshold  of  density  effect  for  the  buses  observed  was  in  the 
neighborhood  of  30  vehicles  per  lane  per  mile,  as  indicated  above. 

The  maximum  density  was  observed  in  a  study  recently  made  in  Ohio1^ 
where  it  was  found,  as  a  result  of  280  observations,  that  the  mean  space 
occupied  by  a  queued  passenger  car  was  22.82  feet.  This  space  corresponds 
to  a  "jam"  density  of  231  passenger  cars  per  lane  per  mile. 


1^The  Ohio  State  University,  The  Effect  of  Signal  Spacing  on 
Platoon  Dispersion,  unpublished  report  (Columbus,  Ohio:   The  Ohio  State 
University,  June,  1971) 
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Then,  for  the  purpose  of  simulating  bus  operation  in  downtown  Washington, 
D.C.,  the  following  estimates  of  mean  bus  traversal  speed  have  been 
selected,  where  BTS  is  bus  traversal  in  miles  per  hour  and  D  traffic  den- 
sity in  vehicles  per  lane  per  mile  (assuming  all  vehicles  are  passenger 
cars): 

For  0  <  D  ^  30 

BTS  =  20.5 
For  30<D<235 

BTS  =23.5  -  0.10  D 
For  D>  235 

BTS  =  0 

Mean  bus  traversal  speed  is,  therefore,  assumed  to  have  a  constant 
value  of  20.5  — ph  (30  ft.  per  sec),  which  corresponds  to  the  normal 
cruising  speed  for  traffic  densities  lower  than  30  vehicles  per  lane  per 
mile.  From  that  point,  speed  diminishes  proportionally  to  the  increase 
in  traffic  density,  to  reach  a  value  of  zero  at  the  assumed  "jam"  density 
of  235  vehicles  per  lane  per  mile. 

In  Figure  7?  the  equation  selected  to  estimate  bus  traversal  speed  is 
represented.   The  relationship  between  bus  traversal  speed  and  traffic 
density  certainly  is  not  linear,  but  straight  lines  were  used  to  represent 
it  because  more  complex  curves  are  not  justified  in  the  light  of  the  scarce 
information  available. 

A  least  square  straight  line  passing  through  the  point  where  D  =  30 
and  BTS  =  205  was  fitted  to  the  observations  in  which  the  observed  density 
was  greater  than  3^  vehicles  per  lane  per  mile.   The  resulting  equation  was: 

BTS  =  23.005  -  0.119  D 
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FIGURE  7 

REPRESENTATION  OF  THE  OBSERVED  VALUES   OF  BUS   TRAVERSAL  SPEED  AND  THE 
EQUATIONS   TO  ESTIMATE  ITS  MEAN  VALUES 
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which  is  not  significantly  different,  at  the  0.05  level,  from  the  expression 
selected  to  estimate  bus  traversal  speed  for  traffic  densities  between 
30  and  235  vehicles  per  lane  per  mile. 

If  bus  normal  cruising  speed  in  m.p.h.  is  designated  as  BCS,  a  general 
expression  that  could  be  used  to  estimate  bus  traversal  speed  is  the 
following : 

For  0  <  D  ^  30  : 
BTS  =  BCS 
For  30  <  D  <   235: 

BTS  =  BCS(^|^) 

For  D^  235: 
BTS  =  0 
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CHAPTER  III 


REPRESENTATION  OF  THE  BUS  SYSTEM  ON  AN  ARTERIAL  STREET: 

THE  SUB  MODEL 


The  basic  relationships  analyzed  in  Chapter, I,  plus  other 
logical  and  mathematical  laws  observed  in  the  field  or  studied  in  the 
literature j  have  been  combined  in  the  form  of  a  stochastic  simulation  model. 
This  model,  named  SUB  (Simulation  of  Urban  Buses)  represents  the  operation 
of  urban  buses  on  an  arterial  street. 

The  model  SUB  is  thoroughly  defined  by  a  computer  program  written  in 
FORTRAN  IV  language  which  executes  the  model  on  a  digital  computer.   The 
program  is  described  in  detail  in  Appendix  2.   This  chapter  only  presents 
the  main  features  of  the  SUB  model  in  order  to  give  the  reader  a  broad 
appreciation  of  the  model's  overall  structure,  basic  logic  and  output 
capabilities. 

Characteristics  of  the  SUB  Model 

Purpose -of  the  Model 

The  SUB  model  simulates  the  system  composed  of  a  portion  of  an  arterial 
street  with  its  traffic  controls,  the  urban  buses  that  circulate  through 
the  street,  the  passengers  that  they  serve  and -the  rest  of  the  traffic 
on  the  artery.   The  purpose  of  the  model  is  to  predict  the  effect  that  any 
change  in  the  system  will  produce  on  the  effectiveness  of  urban  bus  opera- 
tion.  The  model  does  not  estimate  the  influence  of  those  changes  on  the 
performance  of  the  rest  of  the  traffic.   This  influence  can  be  determined 
by  using  existing  simulation  models  of  general  traffic  such  as  TRAINS   and 
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UTCS-1   .   The  elements  of  traffic  flow  represented  are  only  those  which 
can  have  a  significant  effect  on  bus  operation.   This  special  representa- 
tion of  traffic  flow  avoids  unnecessary  complexities  in  the  model  that 
would  make  it  too  cumbersome  and  expensive  to  use. 

Thus,  SUB  is-  a  tool  that  can  help  to  optimize  urban  bus  operation 
on  arterial  streets.   Simulation  models  of  general  traffic  cannot  be  used 
for  this  purpose  because  they  do  not  represent  bus  operation  in  detail. 
Alternatively,  SUB  can  be  used  to  study  the  effect,  on  bus  operation,  of 
modifications  such  as:   (l)  changes  in  traffic  flow  and  control  (2)  desig- 
nation of  one  lane  for  the  exclusive  use  of  buses,  (3)  addition  or  removal 
of  bus  stops,  (k)   alterations  of  bus  schedules,  (5)  changes  in  the  capacity 
of  the  buses,  (6)  new  fare  collection  systems,  (7)  changes  in  the  magnitude 
and  patterns  of  passenger  demand. 

The  Scenario 

\ 

Simulation  takes  place  in  one  or  two  lanes  of  an  arterial  street. 

There  is  no  theoretical  limitation  to  the  number  of  blocks  that  can  be 

represented,  but  practical  considerations  like  input  preparation  and 

computer  costs  limit  this  number  to  about  twenty.   Only  one  direction  of 

travel  is  simulated,  but  the  effect  of  opposing  traffic  on  left  turning 

vehicles  is  taken  into  account.   The  maximum  number  of  traffic  lanes 


15  f.  A.  Wagner,  F.  C.  Barnes  and  D.  L.  Gerlough,  Refinements  and 
Testing  of  Urban  Arterial  and  Network  Simulation  prepared  for  the  Bureau 
of  Public  Roads  (Springfield,  Virginia:  National  Technical  Information 
Services,  1967)  PP  5-110 

-^  Peat,  Marwick  Mitchell  and  Co.,  and  General  Applied  Science 
laboratories,  Inc.  Network  Flow  Simulation  for  Urban  Traffic  Control 
System,  T  e  chni c a 1  Rep  or t ,  prepared  for  the  Federal  Highway  Administration 
(Springfield,  Virginia:  National  Technical  Information  Services,  1971) 
pp  H-58 

50 


represented  is  two,  "because  it  is  assumed  that  urban  bus  operation  is 
confined  to  the  curb  lane  (lane  no.  l)  and  the  lane  adjacent  to  it  (lane 
no.  2).   If  the  street  has  more  than  two  traffic  lanes  for  one  direction 
of  travel,  the  lanes  in  excess  of  lanes  1  and  2  are  ignored  along  with 
their  traffic.   Parking  lanes  are  also  ignored,  except  for  the  portion  of 
those  lanes  that  are  reserved  for  bus  stops. 

In  the  model,  a  portion  of  roadway  with  one  or  two  lanes  that  carries 
traffic  in  one  direction  between  two  intersections  is  called  a  link.   Thus, 
the  arterial  street  is  considered  to  consist  of  a  succession  of  links. 
There  are  two  types  of  links,  entry  and  arterial.   The  entry  link  is  the 
first  one  in  a  succession  of  links;  it  feeds  the  buses  and  the  arterial 
traffic  to  the  rest  of  the  links.   The  arterial  links  carry  the  buses  and 
the  rest  of  the  traffic  from  one  intersection  to  another. 

Links  are  measured  from  a  "Stop"  line  to  a  "Stop"  line  in  the  direction 
of  traffic.   Each  link  has  an  intersection  associated  with  it  which  appears 
at  the  head  of  next  link  and  has  a  traffic  control  device.  Up  to  three 
bus  stops  may  be  placed  on  a  link. 

Figure  8  illustrates  the  representation  of  a  typical  arterial  street. 


Intersection-'Oi-^  C5118  Stop  /^n  Bus  Stop^y^- -^ 

LINK  1  ( ENTRY  f^J *       LINK  2  p-^^       LIWK  3 

Stop  Line-N/f-^ Link  Length » — I 

FIGURE  8 
TYPICAL  ARTERIAL  STREET  REPRESENTATION 
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Macroscopic  Simulation  of  Traffic 

Traffic  is  simulated  macroscopically  by  a  time -scanning  procedure. 
In  other  words,  vehicles  are  not  individually  represented  and  traffic 
simulation  is  carried  out  in  discrete  time  intervals.  The  recommended 
length  of  these  intervals  is  usually  10  seconds  but  other  values  more 
appropriate  to  the  conditions  replicated  can  be  used. 

Each  link  is  examined  at  a  time,  starting  with  the  entry  link.  At 
each  time  interval,  vehicles  that  constitute  the  arterial  traffic  demand 
are  generated  according  to  a  Monte  Carlo  procedure,  using  the  Poisson 
distribution.  This  distribution  assumes  that  the  probability  of  the 
arrival  of  a  certain  number  of  vehicles  during  a  given  time  interval  is 
constant.   It  has  been  found  that  it  describes  very  well  the  random 

arrj.  VaiC       <->X         I/CIUCXCH       WUU        <3.       XlCC       XJ.UW        OU1JUJ.OJ.UU       VJJIOJJ        UllG       t-AJJCCutU      JJUJJ1UC.JV 

of  arrivals  during  the  time  period  considered  is  known.  Depending  on 
the  traffic  control  at  the  intersection  these  vehicles  either  form  queues 
at  the  head  of  the  link  or  are  discharged  into  the  next  link  or  into  the 
side  street.   Turning  traffic  from  the  side  street  is  generated  in  a 
similar  fashion  and  queued  or  discharged  into  the  next  link.  Then,  the 
vehicles  proceed  in  groups  to  the  tail  of  the  next"  link.  During  each  time 
interval  the  simulation  procedure  takes  into  account  the  number  of  vehicles 
that  arrive  in  a  link,  depart  from  it,  join  a  queue  or  are  discharged 
from  it. 

When  a  queue  of' stopped  vehicles  is.  set  in  motion  the  discharge  time 

of  each  vehicle  is  considered  but  this  time  is  translated  into  the  number 

of  vehicles  discharged  during  a  time  interval  to  maintain  the  macroscopic 

nature  of  the  simulation  procedure.   Intra-link  travel  time,  however,  is 

assumed  to  be  constant  and  equal  to  the  mean  travel  time  observed  in  the 
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link.  This  simplifying  assumption  does  not  affect  significantly  the  out- 
puts of  the  model. 

For  each  simulation  interval  the  model  computes  traffic  density  in 
vehicles  per  link,  the  length  of  vehicular  queues  in  each  lane  and  the 
number  of  vehicles  discharged  into  the  downstream  link,  allocated  by  lane. 

Microscopic  Simulation  of  Buses 

.  i  .         ■  r  i     i      — > iii     ■  n 

Bus  simulation  is  microscopic  and  proceeds  according  to  an  event - 
scanning  scheme.   Each  bus  is  identified  throughout  the  simulation  run  and 
time  is  recorded,  not  at  regular  intervals,  but  when  "significant"  bus 
events  happen.   These  events  are  the  arrivals  of  buses  to  stop  lines  and 
bus  stops,  the  departures  from  them,  and  the  completion  of  a  passenger 
service -operation. 

Two  numbers  are  assigned  to  each  bus:   (l)  an  identification  number 
which  the  bus  keeps  throughout  the  simulation  run  to  identify  the  statistics 
associated  with  it,  and  (2)  a  sequential  number  which  indicates,  at  a 
particular  time,  the  position  of  the  bus  in  the  sequence  of  buses. 

Bus  arrivals  at  the  stop  line  of  the  entry  link  are  tentatively  placed 
at  the  arrival  times  indicated  by  the  bus  company  schedules  for  the  routes 
involved,  then  the  tentative  arrivals  are  stochastically  modified  to 
reflect  the  discrepancies  between  the  real  and  scheduled  arrivals  observed 
in  real  life  1'. 


'Observations  made  by  "D.C.  Transit"  were  used  for  this  purpose, 
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From  that  point  buses  are  moved  throughout  the  arterial  street  repre- 
sented according  to  the  rules  established  in  the  simulation  model.   A  bus 
is  processed  until  it  departs  from  the  last  stop  line  or  until  the 
simulation  run  ends.   It  is  also  possible  to  represent  buses  that  enter 
the  arterial  and  exit  it  at  intermediate  intersections  of  the  section 
represented.   This  is  done  by  treating  them  as  part  of  the  general  traffic 
in  the  links  where  they  are  not  supposed  to  travel.   Statistics  describing 
the  intinerary  of  each  bus  are  recorded  and  printed  as  a  part  of  the  output. 

Intersection  Behavior 

Traffic  control  at  intersections  may  consist  of  a  traffic  signal,  or 
a  "Stop"  or  "Yield"  sign  for  the  side  street.   The  signal  is  assumed  to 
be  of  the  pre-timed  type.   It  is  necessary  to  specify  its  cycle  length  and 
tss"  interval  8,cLyhz?csc1  <rr'c><^r>   interv?!  'if  arnr^  snd  offset  ^or  t^e 
arterial  street.   If  the  signal  to  be  simulated  is  actuated  by  traffic  or 
has  a  more  complex  setting  than  the  one  allowed  by  the  model,  it  has  to 
be  replaced  by  an  equivalent  conventional  signal. 

General  traffic  is  regulated  by  the  control  device  in  the  intersection 
as  f ollows : 

When  the  signal  is  green  for  the  arterial  street  or  there  exists 
a  "Yield"  or  a  "Stop"  sign,  arterial  traffic  moves  forward,  with  two 
constraints:  (l)  if  there  are  queues  in  the  approach  to  the  intersection 
the  group  of  vehicles  processed  during  a  time  interval  have  to  join  the 
queues  and  proceed  when  the  queues  are  discharged,  (2)  if  vehicles  turn- 
left  from  one  of  the  lanes  represented,  the  turning  vehicles  must  wait  for 
the  existence  of  suitable  gaps  in  the  opposing  traffic  stream  to  complete 

their  turning  maneuver. 
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Buses  are  treated  individually  at  the  intersections.  A  tentative 
arrival  time  to  the  intersection  is  computed  for  each  bus  and  the  state 
of  the  signal  controlling  the  intersection  is  examined  if  there  is  one. 
"Stop"  signs  or  "Yield"  signs  for  the  side  street  are  considered  as 
signals  with  perpetual  green  indication  for  the  artery. 

If  the  signal  is  green  (for  the  arterial  street)  and  there  is  no 
queue  at  the  approach,  the  final  arrival  time  and  the  departure  time  of 
the  bus  from  the  intersection  are  made  equal  to  the  bus  tentative  arrival 
time.   If  there  is  a  queue  at  the  approach  while  the  signal  is  green  or 
red,  both  the  arrival  time  and  the  departure  time  of  the  bus  are  made 
equal  to  the  time  when  the  queue  in  front  of  the  bus  is  discharged.   If 
the  signal  is  red  and  there  is  no  queue,  the  final  arrival  time  of  the 
bus  is  made  equal  to  the  tentative  arrival  time  and  the  departure  time 
equal  to  the  moment  when  the  signal  turns  green.   If  there  is  a  bus  stop 
at  the  approach  of  the  intersection  the  behavior  of  the  bus  at  the  bus 
stop  is  also  considered  as  indicated  below. 

Intra -Link  Movements 

General  traffic,  as  mentioned  above,  is  assumed  to  travel  within  a 
link  at  a  constant  speed  which  is  specified  by  the  model's  user. 

Buses,  on  the  other  hand,  are  moved  along  -a  link  according  to  the 
speed-density  relationship  analyzed  in  Chapter  IV.   If  traffic  density  in 
the  link  is  below  a  certain  threshold  value,  bus  mean  speed  will  be  its 
normal  cruising  speed;  but  if  traffic  density  is  above  the  threshold, 
bus  mean  speed  will  be  reduced  proportionally  to  the  excess  density  over 
the  threshold,  to  reach  a  minimum  speed  when  jam  density  conditions  are 
present.   Acceleration  and  deceleration  delays  are  also  determined,  and 
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bus  travel  time  from  one  stop  (stop  line  or  bus  stop)  to  the  next  one  is 
computed  according  to  those  delays,  to  the  mean  speed  assigned  to  the  bus 
and  to  a  stochastic  factor  that  reflects  bus  speed  variability  at  a  given 
traffic  density  level.   The  tentative  arrival  time  of  the  bus  to  the 
downstream  stop  is  found  simply  by  adding  the  computed  travel  time  to 
bus  final  departure  time  from  the  up-stream  stop. 

Bus  Stop  Behavior 

Two  types  of  bus  stops  can  be  represented:   (l)  the  unprotected  bus 
stop,  located  on  a  traffic  lane  where  a  stopped  bus  is  an  impedance  to 
traffic,  and  (2)  the  protected  stop  where  stopped  buses  do  not  block  traffic 
because  they  stop  on  a  special  bay  or  on  a  portion  of  a  parking  lane  where 
parking  is  prohibited.  See  Figure  9- 
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FIGURE  9 
TYPES  OF  BUS  STOPS 
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At  the  tentative  arrival  time  of  a  bus  to  an  unprotected  "bus  stop, 
the  model  checks  if  there  is  an  impediment  to  the  bus  for  getting  in  the 
bus  stop.   If  the  previous  bus  is  still  at  the  bus  stop,  the  length  of 
the  queue  of  vehicles  that  might  be  accumulated  behind  the  stopped  bus 
is  computed.   If  this  bus  or  the  queue  behind  it  occupies  the  last  space 
in  the  bus  stop,  the  incoming  bus  will  not  be  able  to  reach  the  bus  stop 
until  the  stopped  bus  departs  or  the  queue  is  discharged. 

If  at  the  tentative  arrival  time  of  a  bus  to  a  bus  stop  the  previous 
bus  has  already  departed,  the  model  checks  if  a  queue  of  vehicles 
extending  back  from  the  downstream  stop  line  occupies  the  last  space  of 
the  bus  stop.   If  this  is  true  the  bus  will  have  to  wait  until  this  queue 
is  dissipated  to  enter  the  bus  stop. 

In  the  case  of  protected  bus  stops  it  is  assumed  that  no  vehicles  other 
than  buses  use  the  bus  stop. 

Once  a  bus  arrives  in  a  bus  stop  the  model  checks  if  the  bus  serves 
this  particular  bus  stop  or  not.   In  the  first  case  the  bus  will  decelerate 
and  stop  at  the  bus  stop  at  a  time  designated  as  final  arrival  time.   In 
the  second  case  it  will  attempt  to  proceed  without  changing  its  speed  and 
if  it  is  blocked  by  a  stopped  bus  it  will  try  to  pass  it. 

For  a  bus  that  stops  at  a  bus  stop  to  serve  it  the  model  generates 
the  number  of  passengers  loaded  and/ or  unloaded.  This  generation  is  done 
by  a  procedure  that  takes  into  account  the  passenger  demand  for  the  route 
of  the  bus  processed  and  the  time  elapsed  since  the  arrival  of  the  pre- 
vious bus  of  this  route.   The  fact  that  a  certain  number  of  passengers 
can  be  served  by  more  than  one  route  is  taken  into  consideration  in  this 

procedure. 
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Having  determined  the  number  of  passengers  loaded  and  unloaded  by  a 
bus,  the  model  computes  the  passenger  service  time.   The  computation  is 
performed  making  use  of  the  relationships  investigated  in  Chapter  III  and 
a  random  factor  that  replicates  the  variations  observed  in  these  relation- 
ships. 

By  adding  the  passenger  service  time  to  the  final  arrival  time,  the 
tentative  departure  time  of  a  bus  from  a  bus  stop  is  found.  This  time 
will  be  also  the  final  departure  time  of  the  bus  if  the  previous  bus  has 
already  departed  from  the  stop. 

If  the  previous  bus  is  still  at  the  bus  stop  when  the  processed  bus 
is  ready  to  leave,  a  passing  maneuver  will  be  attempted.   If  there  is  more 
than  one  traffic  lane,  the  blocked  bus  will  look  for  an  acceptable  gap 
in  the  tr?.ffic  stream  movin0-  through  the  adjacent  lane  to  "oerform  the 
maneuver.   If  an  acceptable  gap  is  found  before  the  departure  of  the 
previous  bus,  the  processed  bus  will  pass  it  and  the  sequential  numbers 
of  the  two  buses  will  be  switched.   If  the  previous  bus  departs  before 
passing  takes  place  the  processed  bus  will  depart  two  seconds  after  the 
departure  of  the  previous  bus.  This  two  second  delay  is  assumed  to  be  the 
reaction  time  of  the  driver.   The  time  when  the  bus  leaves  the  bus 
stop  is  its  final  departure  time . 

If  a  bus  stop  falls  on  a  stop  line,  the  arrival  of  a  bus  to  the  bus 
stop  and  its  departure  are  processed  first.   Then  the  tentative  arrival 
time  to  the  stop  line  is  made  equal  to  the  final  departure  time  from  the 
bus  stop.  The  following  step  is  to  process  the  bus  through  the  stop  line 
as  it  is  described  above. 
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Simulation  Procedure 

A  simulation  run  is  divided  into  periods  which  are  executed  in  suc- 
cession.  It  is  assumed  that  governing  conditions  such  as  traffic  demand 
and  traffic  controls  do  not  change  throughout  a  simulation  period.   A 
typical  simulation  run  consists  of  four  periods  of  fifteen  minutes  of 
simulated  time. 

The  tentative  bus  arrivals  to  the  stop  line  of  the  entry  link  are 
computed  first  for  the  entire  simulation  run,  and  then  the  model  simulates 
each  period  at  a  time.   The  simulation  of  each  period  is  performed  link 
by  link,  starting  with  the  entry  link  and  continuing  in  the  direction  of 
traffic  through  the  series  of  links  of  the  arterial  street. 

The  first  step  in  the  processing  of  a  link  is  to  simulate  traffic  in 
the  link  by  the  macroscopic,  time-scanning  procedure  described  above  for 
the  whole  simulation  period  considered  and  to  store  the  simulated  values 
of  traffic  volumes,  traffic  densities  and  vehicular  queues  for  each 
processing  interval  in  the  period.   Then  each  stop  (stop  line  or  bus  stop) 
in  the  link  is  processed  successively. 

The  tentative  bus  arrivals  to  the  stop  processed  are  initially  known. 
If  the  stop  processed  is  a  stop  line,  the  model  computes  the  final  departure 
time  of  all  the  buses  that  arrived  at  the  stop  line  during  the  entire  sim- 
ulation period  considered.   On  the  other  hand,  if  the  stop  is  a  bus  stop  it 
is  necessary  to  compute  the  final  arrival  time,  the  tentative  and  the  final 
departure  times  of  each  bus  by  the  method  described  above. 

When  the  final  departure  time  from  a  stop  is  computed  for  all  the 
buses  that  arrived  in  the  stop  during  the  current  simulation  period, 
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their  tentative  arrival  time  in  the  next  stop  is  estimated  according  to 
the  procedure  developed  to  represent  intra-link  movements.   Then  the 
model  examines  the  next  stop  and  repeats  the  procedure  described  in  the 
two  last  paragraphs. 

When  all  the  stops  in  one  link  have  been  considered,  the  processing 
of  the  link  is  completed  and  the  model  examines  the  next  link  repeating 
the  same  steps.   This  routine  continues  until  all  the  links  have  been 
processed  during  the  current  simulation  period. 

A  similar  representation  of  events  takes  place  in  the  successive 
simulation  periods  until  the  simulation  run  is  completed.  A  general 
logical  flow  diagram  of  the  simulation  model  is  shown  in  Figure  10. 

The  repetitive  forward -moving  procedure  just  described  presents 
several  advantages: 

(1)  Simulation  is  not  theoretically  restricted  to  any  number 
of  simulation  periods,  links  or  stops. 

(2)  Model  logic  is  simplified  and  the  length  of  its  computer 
program  shortened  because  of  the  multiple  use  of  the  same 
schemes. 

(3)  Computer  storage  requirements  are  reduced  because  the  values 
of  many  variables  are  only  retained  for  the  processing  of  one 
stop  and  the  memory  locations  that  they  occupy  are  available 
for  use  in  the  processing  of  the  next  stop. 

Description  of  Program  Components 
The  program  that  describes  and  executes  the  SUB  model  is  entirely  written 
in  FORTRAN  TV  language.   It  consists  of  a  main  routine  and  eight  subroutines 
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FIGURE  10 
GENERAL  LOGIC   FLOW  DIAGRAM  FOR  MODEL  SUB 
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as  indicated  in  Figure  11.   This  section  describes  briefly  each  of  the 
components  of  the  program. 

Main  Boutine  SUB 

This  routine  reads  the  input  data  and  assigns  the  initial  values  to 
several  parameters.   Then  it  processes  the  buses  individually  through 
the  simulated. arterial  street  by  an  event -scanning  procedure,  computes 
and  stores  statistics  and  prints  the  outputs.   It  calls  the  subroutines 
BLOCK,  TRAFIC,  SIGNAL,  ARRIVE,  QJ3IS,  LOAD,  GOQ,  and  RANDOM. 

Subroutine  BLOCK 

i 
It  defines  and  transmits  values  that  represent  random  variability. 

Called  from  SUB,  TRAFIC  and  LOAD. 

Subroutine  TRAFIC 

Macroscopic  simulation  of  traffic  in  a  link  by  a  time-scanning 
procedure.   It  computes  traffic  volumes,  traffic  densities  and  vehicular 
queues  for  each  of  the  processing  intervals  in  which  a  simulation  period 
is  divided.   It  is  called  from  SUB.   It  calls  BLOCK,  SIGNAL,  ARRIVE, 
QDIS  and  RAMDOM. 

Subroutine  SIGNAL 

It  computes  the  state  of  a  traffic  signal  at  the  moment  when  it  is 
called.   It  is  called  from  SUB  and  TRAFIC. 

Subroutine  ARRIVE 

This  subroutine  generates  vehicle  arrivals  during  a  given  time  period 
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according  to  the  Poisson  distribution  and  a  known  mean  arrival  rate.   It 
is  called  from  SUB  and  TRAFIC. 

Subroutine  QJ)IS 

Computation  of  the  number  of  vehicles  discharged  from  a  queue  of 
stopped  vehicles  during  a  given  period  of  time.   Called  from  SUB  and 
TRAFIC .   . 

Subroutine  LOAD 

When  a  bus  arrives  in  a  bus  stop,  this  subroutine  generates  the 
number  of  passengers  to  be  loaded  and  unloaded  by  the  bus,  computes 
passenger  service  time  and  estimate  passenger  waiting  times  at  bus  stops. 
It  calls  the  subroutines  BLOCK  and  RANDOM.   It  is  called  from  SUB. 

Subroutine  GOQ, 

Computation  of  the  time  in  seconds  to  discharge  a  given  number  of 
vehicles  from  a  stopped  queue.   It  is  called  from  SUB. 

Subroutine  RANDOM 

Generation  of  pseudo-random  numbers  by  a  multiplicative  procedure. 
Called  from  SUB,  TRAFIC,  ARRIVE  and  LOAD. 

Input  Requirements 

Bus  operation  on  an  urban  arterial  street  is  a  complex  phenomenon 
and,  consequently,  its  definition  requires  a  considerable  amount  of 
•information.   An  effort,  however,  has  been  made  to  reduce  the  input  data 
required  by  the  model  SUB  to  an  absolute  minimum.   Three  means  have  been 
used  to  approach  this  objective: 
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(1)  Excluding  from  the  simulated  system  the  variables  whose  effects 
on  the  desired  outputs  of  the  model  have  been  found  insignifi- 
cant. 

(2)  Providing  suggested  information  to  be  used  in  those  instances 
where  specific  data  cannot  be  obtained.   This  information  is 
presented  in  Appendix  1  . 

(3)  Incorporating  into  the  model  as  embedded  constants,  represen- 
tative values  of  variables  and  relationships  observed  in  real 
life.  An  important  condition  for  the  selection  of  those  embedded 
constants  is  a  relatively  small  sensitivity  of  the  outputs 

of  the  model  to  variations  in  their  values.   These  constants 
are  termed  "embedded  inputs"  to  distinguish  them  from  the 
data  that  are  supplied  by  the  model's  user  which  are  called 
"exogenous  inputs. " 

Exogenous  and  embedded  inputs  are  summarized  below: 

Inputs  for  the  Arterial  Street  System 

Only  exogenous  inputs  are  required  to  represent  the  arterial  street 
system.  They  include: 

Number  of  links. 

Number  of  lanes  in  each  link  (one  or  more  than  one). 

Length  of  each  link. 

Number  of  bus  stops  in  each  link. 

Position,  capacity  and  type  (unprotected  or  protected)  of  the 

bus  stops. 

Type  of  traffic  control  in  the  intersection  at  the  tail  of 
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each  link  signal  or  "Stop"  or  "Yield"  sign  for  the  cross 
street) . 

Traffic  signals  setting  (cycle  length,  green  interval,  advanced 
green  interval,  offset). 

Inputs  for  the  Traffic  System 

The  following  exogenous  inputs  are  required  for  the  traffic  system: 

Vehicle  discharge  headways  from  a  stopped  queue. 
Average  length  of  the  passenger  car. 
Expected  arterial  traffic  demand  at  the  entry  link. 
Expected  cross-street  traffic  demand  at  each  intersection. 
Expected  arterial  traffic  volumes  moving  in  the  opposed 
direction  at  each  link. 

Expected  traffic  volumes  coming  from  midblock  sources  or 
attracted  by  midblock  links. 
Turning  probabilities  at  each  intersection. 
Expected  traffic  distribution  by  lane. 
Mean  traffic  speed  in  each  link. 
Embedded  inputs  to  represent  general  traffic  are: 

Minimum  acceptable  gap  for  lane  changing  (passenger  cars). 
Factors  that  represent  the  variability  of  the  distribution 
of  traffic  by  lane. 
Drivers'  motivation  to  change  lanes. 

Inputs  for  the  Bus  System 

Principal  exogenous  inputs: 

Bus  average  length. 
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Bus  normal  cruising  speed,  and  acceleration  and  deceleration 
rates. 

Coefficients  of  the  equation  that  estimate  passenger  service 
time  as  a  function  of  the  number  of  passengers  loaded  and 
unloaded. 

Scheduled  arrival  times  at  the  entry  link  for  buses  of  each 
route  during  the  time  period  simulated. 

Number  of  passengers  expected  to  be  loaded  and  unloaded  during 
each  simulation  period,  by  each  bus  route  in  each  bus  stop. 
Common  passenger  demand  among  different  routes. 
Capacity  of  the  buses  of  each  route  and  expected  number  of 
passengers  in  their  buses  when  they  arrive  in  the  section 
simulated. 
Embedded  inputs: 

Minimum  acceptable  gap  for  bus  driver  to  change  lanes. 

Bus  driver's  reaction  time 

Factors  representing  the  variability  of  passenger  and  bus 

arrivals,  bus  passenger  service  time  and  bus  traversal  speed. 

Other  Inputs 

Other  exogenous  inputs  related  to  the  mechanics  of  the  simulation 
run  are  necessary.   Among  them  are  the  following: 

Seed  or  origin  of  random  numbers  generated  by  the  model. 
If  the  origin  of  random  numbers  is  changed  without  changing 
the  rest  of  the  inputs,  another  series  of  random  numbers  will 
be  generated  and  a  different  set  of  random  events  will  be 
simulated  by  a  model  for  the  same  conditions. 


Length  of  a  simulation  period  for  which  the  inputs  do  not  change, 

Number  of  simulation  periods  in  the  simulation  run. 

Processing  interval  for  the  macroscopic  simulation  of  traffic 

(Usually  10  seconds). 

Time,  in  hours  and  minutes  at  which  the  simulation  run  starts. 

A  detailed  description  of  the  exogenous  inputs  and  their  required 
format  appear  in  Appendix  L 

Output  Capabilities 

In  order  to  simplify  its  outputs,  the  present  program  of  the  model 
SUB  only  prints,  as  output,  information  which  is  directly  relevant  to 
the  needs  of  the  urban  bus  operator,  for  whom  the  model  has  been  built. 
Data  concerning  the  behavior  of  general  traffic  is  not  printed  by  ILe 
present  program.  However,  this  information  can  be  printed  by  performing 
minor  modifications  in  the  model's  program. 

Three  types  of  outputs  are  printed  by  the  program:   (l)  input  data, 
(2)  bus'  itineraries,  and  (3)  measures  of  effectiveness. 

Display  of  Input  Data 

The  standard  output  for  the  model  includes  a  printed  summary  of  the 
data  specified  for  the  entire  simulation  run.   Then,  preceeding  the  out- 
put for  each  simulation  period,  the  program  prints  a  summary  of  the  input 
data  pertaining  to  the  simulation  period  presented.   Examples  of  these 
portions  of  the  output  are  shown  in  Figure  12  and  13.   The  display  of 
this  data  allows  the  model's  user  to  identify  the  conditions  that  the 
outputs  represent  and  to  discover  possible  errors  in  the  inputs  which 
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have  not  "been  detected  by  cither  data  checks  in  the  program  or  the 
computer  software. 

Bus  Itineraries 

For  each  simulation  period  an  itinerary  is  printed  for  each  bus, 
showing  its  arrival  time  to  each  bus  stop  and  its  departure  time.   In 
the  itinerary .also  appears  the  number  of  passengers  loaded  and  unloaded 
at  each  bus  stop  as  well  as  the  passenger  service  time. 

The  same  passenger  service  statistics  are  accumulated  for  each  bus 
for  the  entire  simulation  period  and  printed  at  the  end  of  that  itinerary. 
The  overall  travel  speed  of  each  bus  during  the  current  simulation  is 
also  printed  at  the  bottom  of  the  itinerary.  An  example  of  this  portion 
of  the  printed  output  is  shown  in  Figure  Ik. 

Measures  of  Effectiveness 

Two  measures  of  the  effectiveness  of  the  bus  operation  are  printed 
among  the  outputs:   (1)  bus  overall  travel  speed,  and  (2)  passenger 
waiting  time  at  the  bus  stops. 

Bus  overall  travel  speed  can  be  defined  as  the  quotient  resulting 
from  dividing  the  distance  travelled  by  a  bus,  by  the  time  required  to 
cover  that  distance  including  the  duration  of  -stops.  This  speed  is 
computed  for  each  bus  and  as  means  for  each  route  and  for  the  total 
number  of  buses  processed.   This  is  a  measure  of  the  performance  of  bus 
travel  as  well  as  an  indication  of  the  quality  of  the  service  provided 
to  bus  riders  (see  Figures  Ik   and  15 ). 

Passenger  waiting  time  is  the  time  spent  by  bus  passengers  at  the 
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bus  stops  waiting  for  the  arrival  of  the  buses  during  the  simulation 
period  processed.  This  waiting  time  is  determined  according  to  passenger 
loading  demand  and  headways  between  buses.  It  is  expressed  as  total 
passengers-minutes  or  as  an  average  waiting  time  per  passenger  in  minutes. 
It  is  computed  for  each  route  and  for  the  total  number  of  buses  as  a 
summary  statistic.  It  does  not  measure  the  efficiency  of  bus  travel 
but  it  is  another  indicator  of  the  quality. of  service  offered  to  the 
bus  users  (see  Figure  15). 

A  third  measure  of  effectiveness  from  the  bus  user's  viewpoint  can 
be  inferred  by  observing  the  bus  itineraries  and  determining  the  magni- 
tude and  nature  of  the  discrepancy  between  the  simulated  itineraries 
and  the  bus  companies'  time  schedules  (see  Figure  1^-). 
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***  THE  SUB  MODEL  *** 

SIMULATION  OF  URBAN  BUSES 

TEST  ARTERIAL 

ORIGIN  OF  RANDOM  NUMBERS  :237191   -   PROCESSING  INTERVAL   :  10 

QUEUE  DISCHARGE  HEADWAYS  =   5.3  4.0  3.2  2.7  2.5  2.4 

CAR  LENGTH  =  22.  FT    BUS  LENGTH  =  70.  FT.   BUS  TRAF.  FACTOR  =  2.0 
BUS  ACCELERATION  =   2.2  MPH/SEC  -  BUS  DECELERATION  =  3.0  MPH/SEC 
BUS  CRUISING  SPEED   =  20.  MPH     -     AVERAGE  BUS  DELAY  =    60  SEC 

SERVICE  TIME  IN  SEC  =  3.50  +  3.00  PL  +  1.00  PU  -  0.05  PL  .PU  +  DEV. 

TRAFFIC  DEMANDS,  VPH  : 
700     900 


LINK   LENGTH    BUS  STOP  NO.  1     BUS  STOP  NO.  2     BUS  STOP  NO.  3 
NO.    FEET     DIST   CAP   TYPE    DIST   CAP   TYPE    DIST   CAP   TYPE 

FEET   BUS  FEET   BUS 


600.    3     1 
550.    3     0 


EXPECTED  BUS  ARRIVALS  TO  FIRST  STOP  LINE  IN  HOURS  £  MINUTES 
ROUTE  ARRIVALS  : 

1    803   806   809   812   815   818   821   824   827   830   833   836 

1  839   842   845 

2  802  806  810  814  818  822  826   830   834   838   842 

3  801  805  810  815  820  825  830   835   840   845 

4  804  810  816  822  828  834  840 

5  802  810  820  830 

FIGURE  12A 
SUMMARY  OF  INPUT  DATA  APPLICABLE  TO  AN  ENTIRE  SIMULATION  RUN 
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1 

550. 

2 

600. 

3 

450. 

4 

550. 

5 

500. 

BUS  ! 

STOP  NO.  1 

DIST 

CAP   TYPE 

FEET 

BUS 

0. 

0     0 

200. 

2     1 

260. 

3     0 

200. 

2     0 

500. 

4     0 

PERCENT  OF  BUS  COMMON  PASSENGER  DEMAND 


BETWEEN  ROUTE   1 

AND  ROUTES  :   1   2   3   4 

COMMON  LOADING   60  20  10  10 
COMMON  UNLOAD.   60  20  10  10 

BETWEEN  ROUTE   2 

AND  ROUTES  :   1  2   3 

COMMON  LOADING   40  50  10 

COMMON  UNLOAD.  40  50  10 
BETWEEN  ROUTE   3 

AND  ROUTES  :   1  2   3 

COMMON  LOADING   30  50  20 

BETWEEN  ROUTE   4 

AND  ROUTES  :   1   4 

COMMON  LOADING   40  60 
COMMON  UNLOAD.   40  60 

BETWEEN  ROUTE   5 

AND  ROUTES  :   5 

COMMON  LOADING    0 
COMMON  UNLOAD.    0 


FIGURE  12  B 

SUMMARY  OF  INPUT  DATA  APPLICABLE  TO  AW  ENTIRE  SIMULATION   RUN 
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FOR    SIMOLATION    PERIOD       2    -    FROM         8:15       TO         8:30 
TRAFFIC    SIGNALS    SETTING     IN    SECONDS 


LINK 

CYCLE 

GREEN 

ADVANCED 

OFFSET 

NUMBER 

LENGTH 

PHASE 

GREEN 

1 

80 

40 

0 

0 

2 

80 

45 

10 

60 

3 

80 

50 

0 

40 

4 

80 

40 

10 

0 

5 

80 

40 

10 

50 

TRAFFIC    SPEEDS    AND    VOLUMES 


LINK 

SPEED 

VOLUME  FROM 

OPPOS. 

MDBLCK 

TURNING 

LANE 

NUMB 

MPH 

SIDE 

ST  VPH 

VOLUME 

DEMAND 

PROBABILITY 

DISTRIBUTION 

LEFT 

RIGHT 

VPH 

VPH 

LEFT 

RIGHT 

ONE 

TWO 

1 

20. 

100 

150 

1000 

100 

0.0 

0.15 

0  .40 

0  .60 

2 

25. 

80 

150 

900 

0 

0.25 

0.  10 

0.4  5 

0.55 

3 

20. 

150 

250 

1000 

-100' 

0.0 

0.25 

0.40 

0  .60 

4 

20 

100 

200 

1000 

50 

0.20 

0.15 

0.40 

0.60 

5 

20. 

0 

100 

800 

0 

0.10 

0.10 

0.45 

0.55 

BUS    PASSENGER    DEMAND 


BUS 

ROUTE   1 

ROUTE   2 

ROUTE   3 

ROUTE   4 

ROUTE   5 

STP 

PL 

PU 

PL 

PU 

PL   PU 

PL 

PU 

PL 

PU 

2 

50 

60 

-1 

0 

80   90 

0 

0 

16 

18 

3 

-1 

0 

40 

50 

0    0 

20 

30 

0 

0 

5 

60. 

60 

70 

80 

120  130 

20 

30 

20 

24 

7 

40 

40 

-1 

0 

100  100 

0 

0 

16 

18 

8 

0 

0 

50 

60' 

0    0 

10 

10 

0 

0 

10 

30 

20 

30 

40 

60   70 

10 

10 

10 

10 

BUS    PASSENGER    LOAD    AND    CAPACITY 
ROUTE  LOAD         CAPACITY 


1 

40 

60 

2 

30 

60 

3 

50 

60 

4 

60 

60 

5 

40 

60 

FIGUEE  13 
SUMMARY  OF   INPUT  DATA  APPLICABLE   TO  A   SIMULATION   PERIOD 
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BUS  NUMBER:  16      18      17      19      20      22      21 

ROUTE   NO:  3       4       112       5       3 


-LINK  NUMBER   4 
BUS  STOP  NO.   1 


ARRIVAL  TIME 

8:18 

8:20 

8:20 

8:21 

8:24 

8:25 

8:26 

PASS.  LOADED 

7 

5 

6 

0 

0 

10 

13 

PASS.  UNLOADED 

10 

6 

11 

2 

0 

10 

31 

SERVICE  TIME,-  SEC 

52 

23 

40 

5 

0 

30 

48 

DEPARTURE  TIME 

8:19 

8:20 

8:21 

8:21 

8:24 

8:25 

8:27 

BUS  STOP  NO.   2 

ARRIVAL  TIME  8:20  8:21  8:22  8:22  8:24  8:25  8:27 

PASS.  LOADED  6  2  2  0  11  0  4 

PASS.  UNLOADED  2  3  3  0  20  0  2 

SERVICE  TIME,  SEC  25  17  20  0  31  0  8 

DEPARTURE  TIME  8:20  8:21  8:22  8:22  8:25  8:25  8:27 

STOP  LINE 


ARRIVAL' TIME 

8:20 

8:21 

8:22 

8:22 

8:25 

8:25 

8:27 

DEPARTURE  TIME 

8:20 

8:21 

8:22 

8:22 

8:25 

8  :25 

8  :28 

-LINK  NUMBER   5 
BUS  STOP  NO.   4 


ARRIVAL  TIME 
PASS.  LOADED 

8:21 
3 

8:22 
5 

8:23 
8 

8:23 
0 

8:26 
12 

8  :28 
7 

8  :29 
13 

PASS.  UNLOADED 
SERVICE'  TIME,  SEC 
DEPARTURE  TIME 

5 

11 

8:21 

4 

25 

8:22 

7 

38 

8:23 

0 

0 

8:23 

11 

52 

8:27 

8 

50 

8  :28 

38 
66 

8  :30 

STOP  LINE 


ARRIVAL  TIME 

8:21 

8:22 

8:23 

8:23 

8:27 

8  :28 

0:  0 

DEPARTURE  TIME 

8:21 

8:22 

8:24 

8:24 

8:27 

8:29 

0:  0 

TOTAL  P.  LOADED 

31 

19 

32 

2 

55 

42 

71 

TOTAL  P.  UNLOADED 

46 

28 

42 

10 

60 

49 

140 

TOTAL  S  TIME,  SEC 

136 

101 

195 

19 

209 

154 

238 

OVERALL  SPEED  MPH 

5.1 

4.4 

3.3 

4.3 

3.1 

3.5 

2  .8 

FIGUEE  Ik 
PORTION   OF  THE  OUTPUT   SHOWING  TYPICAL  BUS   ITINERARIES  AND   BUS   SUMMARY  STATISTICS 

74 


ROUTE    STATISTICS 


ROUTE    NUMBER 
TOTAL    P.     LOADED 
TOTAL    P.    UNLOADED 
TOTAL    S.    TIME,    MIN 
MEAN    SPEED,    MPH 
P.    WAIT.    TIME,    MIN 
MEAN    P    W    TIME,     MIN 


1 

2 

3 

4 

5 

100 

91 

128 

48 

48 

150 

97 

257 

67 

57 

551 

362 

495 

2  50 

181 

4.2 

4.3 

3.6 

4.3 

4.8 

240 

263 

335 

186 

301 

2.0 

2.7 

2.1 

2.8 

4.3 

SUMMARY  STATISTICS 

TOTAL    PASSENGERS    LOADED    =         415  TOTAL    PASSENGERS  UNLOADED    =  628 

TOTAL    SERVICE    TIME,    MIN    =       1839  MEAN    OVERALL    BUS  SPEED,    MPH=  4.2 

PASS    WAITING    TIME,    MIN    =          1325  MEAN    PASS.    WAIT.  TIME,    MIN    =  2.6 


FIGURE  15 
PORTION   OF  THE   OUTPUT   SHOWING  TYPICAL  SUMMARY   STATISTICS  PER  ROUTE  AND   FOR 

THE  TOTAL  NUMBER  OF  BUSES 
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CHAPTER  IV 
TESTS  AND  DEMONSTRATION  OF  THE  SUB  MODEL 

A  model  is  not  considered  fully  developed  until  it  has  been  subjected 
to  a  series  of  tests  designed  to  analyze  and  verify  its  performance 
according  to  rules  of  knowledge  and  logic,  and  bo  compare  its  results 
with  real-life  values.  This  chapter  deals  with  the  testing  of  the  SUB 
model  and  illustrates  a  practical  application  of  the  model. 

Tests  of  the  Model 

The  SUB  model  was  calibrated  using  data  collected  in  Washington,  D.C. 
Then  it  was  subjected  to  the  tests  described  in  the  paragraphs  that 
follow. 

Verification 

After  a  long  "debugging"  process  it  was  concluded  that  the  program 
of  the  model  responded  to  the  logical  structure  or  algorithm  that  it 
was  supposed  to  represent.  The  next  step  was  to  verify  the  algorithm 
itself  by  a  series  of  runs  "of  the  program. 

The  verification  consisted  of  an  analysis  of  the  outputs  of  the 
model  to  be  sure  that  (l)  their  values  were  "reasonable",  and  (2)  that 
they  changed  in  the  "right"  direction  when  the  values  of  the  inputs 
were  varied. 
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For  this  purpose,  an  artificial  arterial  was  constructed  and  the 
values  of  its  key  elements  were  assigned  successively  average  and 
extreme  values.  This  variation  was  performed  not  only  to  verify  the 
model  hut  also  to  test  the  sensitivity  of  the  outputs  to  changes  in  the 
inputs.  The  model  was  executed  on  a  digital  computer  each  time  that  a 
change  was  made  in  its  inputs.  A  total  of  27  test  runs  were  made. 

The  results  of  the  verification  suggested  minor  changes  in  the  model. 
The  sensitivity  analysis,  on  the  other  hand,  helped  to  determine  the 
type  of  data  that  could  be  embedded  in  the  model  and  their  degree  of 
accessibility. 

Figure  16  partially  shows  a  special  print-out  used  to  verify  the 
macroscopic  simulation  of  general  traffic  on  a  link.  The  special  print- 
out presented  in  Figure  17  was  used  to  verify  the  arrivals  ana  departures 
of  individual  buses  to  and  from  a  particular  stop.   Other  print-outs 
were  used  to  analyze  specific  portions  of  the  program. 

Table  13  shows  the  results  of  two  of  the  sensitivity  analyses 

performed.  The  measure  of  effectiveness  selected  for  this  analysis  was 
average  bus  speed  simulated  by  the  model. 

It  can  be  observed  that  the  simulated  bus  speed  diminished  as 
traffic  demand  increased.   Also,  bus  simulated'  speed  reflected  the  extra 
delay  at  the  bus  stops  motivated  by  a  higher  passenger  demand. 
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11 

12 

13 

14 
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17 

18 

19 
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21 
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23 
24 
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28 
29 
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31 
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0 

1 

0 

0 

2 

0 

2 

0 

0 

1 
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0 

4 

2 

2 

0 

0 

0 

1 

1 

5 

4 

1 

0 

0 

0 

2 

2 

8 

5 

3 

0 
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FIGURE  16 
SPECIAL  PRINT-OUT  USED   IN  THE  VERIFICATION  OF  THE  MODEL 
10^505  =  program  reference,   T  =  processing  interval,  Dl  &  D2  =  traffic 
demands  on  lanes  1  &  2,   during  present  interval,   Ql  &  Q2  =  queues  at  those 
lanes,  DEN  &  LDN  =  number  of  vehicles  in  the  link  during  present  and 
previous  intervals,   INP  -  vehicles  discharged  in  the  link,   QD1  &  0D2  = 
number  of  vehicles   discharged  into  next  link  from  lanes  1  &  2,  SIG  =   traffic 
signal  state    (0  =  red,   1  =  green)    at  the  beginning  of  interval. 
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FIGURE  17 
SPECIAL  PRINT-OUT  USED  IN  THE  VERIFICATION  OF  THE  MODEL 

0M+102  =  program  references,  S  =  stop  number  (stop  line  or  bus  stop), 
FA  =  first  bus  to  arrive,  FD  =  first  bus  to  depart  (not  defined  yet), 
TIME  =  time  elapsed  in  .seconds  since  the  start  of  simulation  run, 
A(8,l)  =  arrival  time  of  bus  1,  in  seconds,  in  stop  8,  DEP  (8,1)  = 
departure  time  of  bus  1  from  stop  8.  ■ 
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TABLE  13  -  RESULTS  OF  SENSITIVITY  ANALYSES 


Effect  of  Traffic  Demand 

on  Average 

3  Bus 

Speed 

Simulation  Period 

1 

2 

3 

Traffic  demand  at  entry  link,  veh/hr. 

700 

900 

350 

Average  bus  speed  in  period,  m.p.h. 

8.7 

5.2 

9.h 

Effect  of  Passenger  Demand  on 

Aver 

age  Bus  Speed 

Bus  Route 

1 

2 

Expected  no.  of  pass,  loaded  per  veh. 

6 

20 

Expected  no.  of  pass,  unloaded  per  veh. 

7 

23 

Average  bus  speed  per  route,  m.p.h. 

9-5 

2.7 

Validation   v 

The  model  was  validated  comparing  the  values  of  one  of  its 
outputs  with  their  real-world  counterparts.  The  output  selected  was 
bus  travel  speed  which  is  considered  the  most  meaningful  measure  of 
effectiveness  produced  by  the  model. 

The  test  arterial  selected  for  validation  of  the  SUB  model  was 
the  eastbound  portion  of  Pennsylvania  Avenue  between  21st  and  17th  streets, 
N.  W.,  Washington,  D.  C.  This  U-block  section  is  represented 
schematically  in  Figure  18. 
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FIGURE  18 
TEST  SECTION  USED  FOR  VALIDATION 


Data  on  geometric  characteristics  and  traffic  controls  were 
obtained  from  the  D.  C.  Department  of  Highway  and  Traffic  while  traffic 
data  were  collected  by  observing  aerial  photographs  from  the  set 
described  in  Chapter  II  (page  32)  but  corresponding  to  a  different  day 
than  the  one  used  for  investigating  bus  traversal  speed.  The  period 
of  time  selected  was  from  8:00  to  9:00  a.m. 

■  It- was  not  possible  to  obtain  data  on  the  number  of  passengers 
loaded  and  unloaded  but  bus  passenger  service  time  was  observed  on  the 
aerial  photographs  and  recorded.  Then,  the  number  of  passengers 
serviced  was  estimated  using  the  relationships  found  in  Chapter  !• 

Bus  routes  serving  the  test  arterial  could  not  be  identified.   Buses, 
however,  were  grouped  into  two  hypothetical  routes  according  to  their 
observed  passenger  service  characteristics. 
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Bus  travel  speed  was  easily  found  by  tracing  each  bus  in  the 
photographs  and  dividing  the  distance  travelled  by  the  observed  travel 
time.  This  speed  was  used  as  a  parameter  of  comparison  to  test  the 
validity  of  the  model. 

The  simulation  run  consisted  of  one  hour  of  simulated  time  divided 
into  three  simulation  periods  of  20  minutes .  The  last  two  periods 
were  used  in  the  validation.   A  summary  of  the  data  collected  for 
those  two  periods  and  the  simulated  travel  speeds  are  shown  in  Table  14, 

The  results  of  the  validation  are  encouraging.   Comparing  the 
observed  values  of  the  average  bus  travel  speed  with  the  equivalent 
simulated  values,  and  noting  their  close  agreement,  it  can  be  concluded 
that  in  the  licht  of  the  available  information  there  is  no  reason  tc 
believe  that  the  SUB  model  produces  biased  or  unrealistic  results. 

In  addition  to  their  agreement  with  the  real-world  values,  the 
results  of  the  model  reflect  the  change  of  traffic  impedance  from  a 
simulation  period  to  the  next  one.   In  effect,  when  traffic  demand  at 
the  entry  link  increased  from  780  to  1100  vehicles  per  hour,  simulated 
bus  travel  speed  decreased  from  7.1  to  6.6  miles  per  hour.  The 
reduction  in  observed  travel  speed;  however,  was  more  drastic: 
from  7.5  to  6.3  miles  per  hour. 

No  statistical  test  was  performed  to  determine  the  significance 
of  the  agreement  between  observed  and  simulated  values  and-  trends 
because  its  results  would  be  meaningless  due  to  the  small  amount  of 
data  available  and  its  relatively  high  variability. 
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TABLE   14 


COMPARISON  OF  OBSERVED  AND  SIMULATED  VALUES  OF  BUS  SPEED 


Time 

Observed  Value 

s 

Simulated  Values 

Speed 

Speed 

Period 

Bus  Number 

Route 

m.p.h. 

Bus   Number 

Route 

m.p.h. 

P 

8:20  8 

9 

2 

7.8 

9 

2 

5.8 

10 

1 

7.5 

10 

1 

5.4 

11- 

1 

7.9 

11 

1 

5-3 

12 

1 

8.5 

12 

1 

5.7 

c— 

13 

1 

7-5 

13 

2 

5.6 

^ 

11+ 

2 

8.1+ 

14 

1 

6.7 

to    9 

15 

1 

5.5 

15 

1 

6.5 

$ 

16 

1 

7.5 

16 

1 

14.2 

8:40  -h 

18 

1 

7.1 

17 

1 

8.8 

1 

7.4 

1 

7.5 

Averages 

2 

8.1 

Averages 

2 

5.7 

a.m.    in 

Both 

Both 

Routes 

7.5 

Routes 

7.1 

$ 

19 

1 

5.4 

18 

2 

11.5 

o 

20 

2 

9.2 

19 

1 

8.0 

8:1+0   g 

21 

1 

8.0 

20 

1 

5.0 

22 

1 

5.4 

21 

1 

4.7 

• 

to     | 

23 

1 

5.4 

22 

1 

6.5 

24 

1 

5.1 

23 

1 

5-2 

9:00   -h 

25 

1 

5.3 

24 

1 

5.2 

1 

5.8 

1 

5.8 

Averages 

2 

9.2 

Averages 

2 

11.5 

a.m.    ij. 

Both 

Both 

Routes 

6.3 

Routes 

6.6 

1 

6.6 

1 

6.7 

Both 

Averages 

2. 

8.5 

Averages 

2 

7.6 

Periods 

Both 

Both 

Routes 

7.0 

Routes 

6.9 

Demonstration  of  the  Model 

To  demonstrate  the  applicability  of  the  SUB  model  to  practical  pro- 
blems, the  dedication  of  an  exclusive  bus  lane  was  simulated  and  its  effect 
on  bus  travel  time  predicted. 
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The  section  used  for  the  demonstration  was  the  same  utilized  for  the 
validation  test:   Pennsylvania  Avenue,  N.  W.  eastbound  from  21st  Street  to 
17th  Street  in  Washington,  D.C.   It  was  assumed  that  the  curb  lane  was 
reserved  for  buses  and  no  other  vehicles  were  simulated  on  that  lane  ex- 
cept those  which  have  to  turn  right.   In  addition,  a  right  turn  prohibition 
was  assumed  to  be  211   effect  at  the  intersection  with  19th  Street.  Since 
20th  and  l8th  Streets  are  one-way  northbound  arterials,  the  only  place 
where  vehicles  could  turn  right  was  at  17th  Street.   Traffic  was 
redistributed  in  the  inputs  of  the  model  to  take  into  account  this  fact. 

The  model  was  run  to  represent  one  hour  of  real  time,  from  8:00  to 
9:00  a.m.,  divided  into  three  simulation  periods  of  20  minutes.  The 
results  of  the  run  with  the  assumed  exclusive  bus  lane  were  compared  with 
those  01  the  validation  run  which  represents  the  same  conditions,  except 
for  the  use  of  the  curb  lane  by  all  traffic  and  the  absence  of  turning 
prohibition  at  19th  Street.  These  results  for  the  second  and  third 
simulation  periods  are  shown  in  Table  15. 

In  the  period  from  8:20  to  8:^+0,  when  traffic  volumes  are  not  too 
high  (780  v.p.h.  in  two  lanes),  the  simulation  model  does  not  predict  any 
effect  caused  by  the  bus  lane  on  bus  travel  speed.  This  result  does  not 
appear  to  be  unrealistic  because  the  proportion  of  the  two- lane  traffic 
volumes  using  the  curb  lane  is  only  0.25  and,  consequently,  traffic 
impedance  is  not  high.  When  traffic  volume  is  higher  (1100  v.p.h.  in  two 
lanes)  from  8:20  to  8:^0,  simulated  bus  travel  speed  is  higher  when  there 
is  an  exclusive  bus  lane.  Again,  the  significance  of  the  results  was  not 
tested  by  statistical  methods  because  of  the  limited  amount  of  data  used. 
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TABLE  15 


COMPARISON  OF  SIMULATED  VALUES  OF  BUS  TRAVEL  SPEED 
ABSENCE  VERSUS  EXISTENCE  OF  AN  EXCLUSIVE  BUS  LANE 


Time 
Period 

No  Bus  Lane 

Exclusive  Bus  Lane 

Bus  Number 

Speed 
m.p.h. 

Bus  Number 

Speed 
m.p.h. 

P 

8:20    § 

to        g 
ft 
o 

8:^40    £j 
a.m.     £j 

9 

10 

n 

12 

13 
Ik 

15 
16 

17 

5.8 
5.h 
5.3 
5.7 
5.6 
6.7 
6.5 
11+.2 
8.8 

9 

10 

li 

12 
13 
Ik 
15 
16 

17 

5.h 
5.0 

5.9 
6.2 

7-9 
7.2 

8.1 

7.1 

9-9 

Average 

7.1 

Average 

7.0 

o 

2  -a 

H    ft 

8:^0     •; 
B 

CD 

to        " 
o 

9:00     g 

o5 

a.m.     j-j 

18 

19 
20 
21 

CCL 

23 
2U 

11.2 
8.0 
5.0 

M 
u.5 

5.2 

5.2 

18 

19 
20 
21 
22 
23 
2k 

8.1+ 

7.5 
5.6 
7.6 

1-7       K 

1  .<^ 
9.3 
8.6 

Average 

6.6 

Average 

7.8 

Both 
Periods 

Average 

6.9 

Average 

7.3 

This  exercise  is  not  -a  test  of  the  effectiveness  of  an  exclusive  bus 
lane  but  merely  a  demonstration  of  the  utility  of  the  model.   If  a  thor- 
ough application  of  the  SUB  model  establishes  that  it  is  beneficial  for  the 
bus  operator  to  have  a  lane  reserved  for  his  buses,  it  is  still  necessary 
to  investigate  the  effect  of  that  decision  on  other  traffic.   This  investi- 
gation can  be  made  with  a  simulation  model  for  general  traffic.   The 
advantages  of  using  SUB  are:   (l)  the  detailed  information  that  is  provides 
on  bus  operation  and  its  measures  of  effectiveness  which  more  general 
models  lack,  and  (2)  SUB  superior  efficiency  which  permits  to  use  it  for 
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narrowing  down  the  application  of  more  expensive  models  of  general  traffic 
to  cases  where  the  "bus  lane  definitely  favors  bus  operation. 
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RECAPITULATION  AND  CONCLUSIONS 


The  Main  Contribution 


The  final  objective  and  main  contribution  of  this  study  is  the 
development  of  the  SUB  model  that  simulates  urban  bus  operation  on 
arterial  streets.   This  model,  as  far  as  the  author  knows,  is  unique . 

To  create  a  model  of  this  kind  that  could  be  used  for  practical 
applications  it  is  necessary  to  represent  the  phenomena  under  considera- 
tion with  an  acceptable  degree  of  validity  and  efficiency.   In  other  words, 
the  model  must  provide  its  users  with  results  that  are  accurate  enough  for 
the  use  that  is  is  intended  to  make  of  them,  but  at  the  same  time  the 
efforts  and  costs  in  connection  with  the  use  of  the  model  must  be  kept  at 

-„ — _««-„vn-  i  ~ .-!-, 

This  double  goal  -was  attained  by  carrying  out  the  following  research 
efforts: 

(1)  An  analysis  was  made  of  mass  transportation  systems  in  general 
through  a  literature  review,  to  identify  the  fundamental  elements 
of  these  systems,  their  objectives  and  the  principles  for  their 
evaluation.  Then,  urban  bus  operation  was  the  subject  of  an 
exhaustive  study,  reviewing  the  literature  and  observing  bus 
operation  on  the  streets  and  through  the  analysis  of  aerial 
photographs.  Gaps  in  the  current  knowledge  of  urban  bus  per- 
formance were  identified  in  this  study. 

(2)  The  gaps  found  in  the  state-of-the-art,  in  connection  with  the 
objectives  of  this  work,  were  filled.  Field  data  was  collected 
in  the  areas  where  knowledge  was  deficient,  the  data  was  analyzed, 
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and  relationships  between  variables  of  interest  were  formulated 
by  statistical  induction.   Basic  relationships  with  respect  to 
bus  passenger  service  time,  bus  speed  and  bus  acceleration  were 
defined  as  a  result  of  this  effort. 

(3)  A  simulation  model  of  bus  operation  on  arterial  streets  was  con- 
ceived according  to  the  objectives  of  an  urban  bus  system  and 
based  on  the  investigations  made  on  these  systems.   This 
conception  was  formulated  by  means  of  an  algorithm  and  depicted 

by  general  flow  charts.   A  careful  analysis  was  made  of  the  system 
represented  in  order  to  include  in  the  algorithm  only  the  elements 
that  would  have  a  significant  bearing  on  the  objectives  of  the 
system.   For  example,  traffic  flow  was  represented  in  terms  of 
macroscopic  parameters  such  as  volumes,  densities,  queue  lengths, 
etc.  because  a  more  detailed  replication  of  this  flow  would  have 
made  the  model  extremely  complex  without  improving  substantially 
the  estimates  of  the  measures  of  effectiveness  of  the  system 
studied. 

(4)  For  the  algorithm  of  the  model  a  computer  program  structure  was 
developed.   Again,  efficiency  was  given  paramount  importance  in 
this  task.   The  program  was  built  with  a  modular  structure.   The 
entire  bus  operation  was  simulated  by  the  multiple  use  of 
relatively  few  modules  (subroutines  or  portions  of  them)  in  order 
to  shorten  the  length  of  the  program.   Also,  it  was  decided  to 
perform  the  simulation  link  by  link  in  a  forward  sequence  and  to 
process  the  simulation  periods  consecutively.   This  mechanism 
results  in  considerable  savings  of  core  money  space  in  the 
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computer  because  when  the  process  of  a  link  is  completed  in  a 
simulation  period,  the  values  of  many  variables  are  no  longer 
needed  and  the  memory  locations  that  they  occupy  are  available  to 
store  new  values. 

The  original  algorithm  was  more  accurately  defined  according  to 
the  program  structure  adopted  and  it  was  depicted  by  detailed 
flow  charts.   Then,  actual  programming  was  done  and  the  final 
details  of  the  algorithm  completed.  FORTRAN  IV  was  sleeted  as 
programming  language  because  of  its  flexibility  and  versatility 
compared  to  assembly  and  special  simulation  languages. 
As  a  result  of  the  efforts  described  above,  SUB  is  an  efficient 
model.  For  example,  the  real  time  /  computer  (central  processor) 
time  ratio  for  simulating  a  ^-block  section  of  a  typical  down- 
town arterial  street  on  an  IBM  3<jO/65  computer  is  about  50  :  I . 
This  ratio  is  very  high  considering  the  complexities  of  the 
phenomena  represented. 
(5)  The  program  of  the  model  was  debugged,  verified  and  subjected  to 
sensitivity  analyses  as  indicated  in  Chapter  VI.  Testing  of  the 
model  was  a  very  long  process  where  attention  was  focused  no  longer 
on  efficiency  but  on  validity.  Every  effort  was  done  to  improve 
the  validity  of  the  model  by  analyzing  its  results  and  correcting 
the  causes  of  "unreasonable"  outputs.   The  internal  performance 
of  the  model  was  scrutinized  by  including  temporarily  among  its 
outputs  intermediate  values  of  key  variables.  A  total  of  27  runs 
were  done  for  this  purpose  and  changes  were  introduced  in  the 
program  and  even  in  the  algorithm  as  suggested  by  the  analyses 
of  the  runs. 
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(6)  When  the  model  was  considered  debugged  and  verified,  a  rather 
limited  validation  was  performed  comparing  certain  outputs  of 
the  model  with  corresponding  field  observations.  The  results 
of  the  validation  did  not  indicate  any  bias  or  inaccuracy  in 
the  outputs  tested,  which  were  the  critical  ones  (bus  travel 
speed);  therefore,  no  further  change  was  done  in  the  model. 
However,  a  long  series  of  applications  of  the  model  is  needed 
to  thoroughly  validate  it.  ■ 

Using  the  SUB  model  it  is  possible  to  test  many  changes  in  the  bus- 
arterial  system  without  implementing  these  changes  in  real  life.  Testing 
by  simulation  can  prevent  important  resources  from  being  spent  in  unsuccessful 
experimentation  and  can  avoid  possible  inconveniences  to  the  public.  It 
may  also  encourage  the  development  of  new  schemes  to  improve  bus 
performance  by  providing  a  quick  and  inexpensive  way  to  evaluate  such 
schemes. 

In  the  previous  chapter  it  was  demonstrated  how  the  effect  of  an 
exclusive  bus  lane  can  be  predicted  by  the  SUB  model.  Other  applications 
of  the  model  include  the  test  of  changes  in  time  schedules  and  fare 
collection  systems,  evaluation  of  near-side  versus  far-side  bus  stops, 
the  impact  on  buses  of  improvements  in  traffic  control  devices  and  many 
others. 

Other  Contributions 

By-products  of  this  study  are  the  findings  of  the  investigation  of 
bus  passenger  service  time  and  urban  bus  speed  and  acceleration  character- 
istics.  These  findings  can  be  of  interest  to  other  researchers  working 
in  the  field  of  urban  mass  transportation. 
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Conclusions 

The  author  believes  that  this  work  will  contribute  to  lay  the  foundation 
for  a  new  approach  to  develop  better  urban  bus  systems.   A  tool  has  been 
created  that  allows  the  bus  operator  and  the  traffic  engineer  to  perform 
quantitative  evaluations  to  proposed  improvements  in  the  operation  of  urban 
buses  on  arterial  streets. 

The  stage  is  now  set  for  a  more  complete  application  of  the  model  to 
real-life  problems  and  for  a  thorough  validation  of  its  results.   Extensive 
use  of  the  model  is  the  best  way  to  test  its  performance  under  varied 
circumstances  and  to  suggest  changes  for  improving  the  accuracy  of  its 
results,  for  enhancing  the  efficiency  of  its  computer  program  and  for 
simplifying  the  use  of  the  model. 
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PPOGPAM  MANUAL  FOR  THE  SUB  MODEL 
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PROGRAM  MANUAL  FOR  THE  SUB  MODEL 

The  purpose  of  this  manual  is  to  provide  the  user  of  the  SUB  model 
with  the  information  necessary  to  utilize  its  program.  Extensive 
descriptions  of  the  development  and  nature  of  the  model  are  not  included 
here;  they  are  presented  in  Chapter  IH-A  detailed  description  of  the 
logical  structure  of  the  model  is  given  in  Appendix  2 . 

The  SUB  Model 

The  SUB  (Simulation  of  Urban  Buses)  model  represents  the  operation 
of  urban  buses  as  they  move  through  an  arterial  street.  The  purpose  of 
the  model  is  to  predict  the  effect  that  a  change  in  any  element  of  the 
system  formed  by  buses,  street  and  traffic  will  have  on  bus  operations. 
The  effectiveness  of  this  operation  is  defined  by  the  model  in  terms  of 
(l)  bus  overall  speed  on  the  arterial  street,  (2)  passenger  waiting  time 
at  the  bus  stops,  and  (3)  arrival  time  of  the  buses  to  each  bus  stop. 

Bus  operation  is  simulated  on  two  lanes  of  an  arterial  street  or 
on  one'  lane  if  only  one  moving  lane  is  available.  The  representation  is 
valid  for  streets  with  more  than  two  traffic  lanes  in  one  direction 
because  bus  operation  is  usually  confined  to  two  lanes. 

The  arterial  street  is  depicted  as  a  succession  of  links  which  are 
defined  as  the  portion  of  the  roadway  that  carries  traffic  in  one 
direction  between  two  intersections.  At  the  head  of  each  link  there  is 
an  intersection  associated  with  it.  The  intersection  has  a  traffic 
control  device  that  can  be  a  traffic  signal,  or  "Stop"  or  "Yield"  signs 
for  the  side  street.  Up  to  three  bus  stops  can  be  located  at  any  point 
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on  the  links  and  two  types  of  bus  stops  can  be  represented:   (l)  unpro- 
tected stops  where  buses  serve  passengers  in  a  traffic  lane  and  (2) 
protected  stops  where  passenger  service  is  done  away  from  the  traffic 
lanes .  ; 

The  model  can  represent  a  section  of  an  arterial  street  composed  of 
any  number  of  links,  but   .  practical  considerations  like  input  pre- 
paration and  computer  costs  limit  this  number  to  twenty.  The  first  link, 
called  the  entry  link  is  used  for  feeding  buses  and  other  traffic  to  the 
rest  of  the  links  in  a  realistic  fashion  .   The  bus  statistics  related  to 
this  link  have  no  meaning. 

Traffic  is  simulated  on  the  selected  section  of  arterial  street  as 
groups  of  vehicles.  It  is  processed  at  constant  time  intervals  named 
processing  intervals .   Traffic  fJow  is  represented  according  to  (l) 
inherent  characteristics  of  traffic  flow,  (2)  the  expected  traffic 
demand  at  the  entry  points  of  the  section  simulatedj (3)  the  expected 
running  speed  of  traf f ic;  and  (k)   the  effect  of  traffic  control  devices. 

Buses  are  represented  individually  and  they  arrive  at  the  first 
stop  (stop  line  or  bus  stop)  of  the  entry  link  at  their  scheduled 
arrival  time  plus  or  minus  a  deviation  from  this  schedule  which  is 
computed  by  a  stochastic  procedure.  From  that  point  on,  their  movement 
is  governed  by:   (l)  the  normal  crusing  speed  of  the  bus  and  its  accel- 
eration and  deceleration  characteristics,  (2)  the  impedance  caused  by 
traffic  (including  other  buses)  and  traffic  control  devices,  and  (3) 
time  spent  by  the  bus  loading  and  unloading  passengers  at  bus  stops. 
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Up  to  18  bus  routes  can  be  represented.   In  order  to  compute  the 
time  required  for  loading  and  unloading  passengers,  it  is  necessary  to 
know  the  number  of  passengers  that  each  bus  route  is  expected  to  load 
and  unload  at  each  bus  stop  during  the  period  of  time  being  simulated. 

A  simulation  run  is  performed  in  a  succession  of  simulation  periods 
of  equal  length.   The  length  of  the  periods  can  be  specified  by  the 
model's  user  and  it  is  assumed  that  conditions  that  govern  bus  operation 
remain  unchanged  during  the  period.  The  maximum  number  of  periods  that 
can  be  used  in  the  present  version  of  the  model  is  13. 

During  the  first  simulation  period,  the  system  is  "initialized"; 
that  is  to  say,  the  arterial  street  is  filled  with  traffic  and  at  least 
one  bus  of  each  route  serves  each  bus  stop.  Bus  statistics  are  meaning- 
less during  this  period.   It  follows  that  the  length  of  the  period  muso 
be  long  enough  to  permit  the  completion  of  the  "initialization"  process; 
otherwise  more  than  one  period  must  be  regarded  as  "initial"  period. 

The  real  simulation  takes  place  during  the  periods  following  the 
initial  period.  At  the  end  of  each  period,  the  statistics  corresponding 
to  the  period  are  printed  as  described  in  the  following  sections. 
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Input  for  the  SUB  Model 

This  section  describes  the  information  required  by  the  input  of  the 
SUB  model  and  the  formats  of  all  input  cards.  There  are  lk   types  of 
input  cards  that  must  be  placed  in  the  following  sequence  for  a  simula- 
tion run: 

Card  Number 

1,  2,  3,  h,  5,  6 

7,  ...  ,7  (one  for  each  link) 

8,  ...  ,  8  (one  for  each  bus  route) 

9,  ...  ,  9  (one  for  each  bus  route) 


For  period  1 


r 


< 


10,  ...    ,   10     (one  for  each  link) 

11,  ...    ,    11     (one  for  each  link) 


12. 


12  (one  or  more  for  each  bus  stop) 


13,  lh 


v. 


For  last  period  < 


10,  ...  ,  10  (one  for  each  link) 

11,  ...  ,  11  (one  for  each  link) 


12. 


12  (one  or  more  for  each  bus  stop) 


13,  lh 


Figure  19  shows  the  arrangement  of  the  entire  input  data. 

A  description  of  each  input  card  and  the  information  that  goes  in 
each  of  them  is  presented  in  the  following  pages.  A  card  image  is  also 
shown  for  each  input  card  depicting  the  layout  of  the  card  and  sample 
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values  for  the  input  data  presented  as  a  guidance  for  the  model  user. 


ETC. 


CARDS 

FOR  THE 

SECOND  P. 


CARDR  FOP  TFP1 


first  period 


r 


r 

3. 

r 

1 

/         i 

CARDS  FOR  THE  ENTIRE  SIMULATION  RUN 


FIGURE  19 
INPUT  DATA  ARRANGEMENT 
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I  -  Title  Card 

This  card  is  the  first  data  card  in  the  input  deck  and  identifies 
the  run.   It  appears  only   once  for  each  simulation  run  regardless  of 
the  number  of  simulation  periods  in  the  run. 

Columns  Data  Word 

1  -  60        Title 


Any  alpha- numeric  title,   that  identifies  this  run, 
for  example,  the  name  of  the  arterial  represented, 
the  date  or  any  other  descriptor. 


79  -  80       Card  number  (Ol). 
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2  -  Simulation  Control  Card 

This  card  contains  the  parameters  that  control  the  simulation  run.   It 
appears  only  once. 

Columns  Data  Word 

1-6         Origin  or  seed  of  random  numbers 

Any  number  to  initiate  the  generation  of  the  set  of 
random  numbers  that  will  be  used  in  the  program.   If  this 
number  is  changed,  a  different  set  of  random  numbers 
will  be  generated  creating  a  different  succession  of 
stochastic  events. 

7-8         Number  of  links  represented. 

A  link  is  a  portion  of  roadway  between  two  intersections 
for  one  direction  of  traffic. 

9-12        Simulation  period  in  minutes. 

Period  of  time  when  conditions  represented  by  the  input 
v  are  supposed  to  remain  constant. 

13  -  lh  Number  of  simulation  periods. 

15  -  17       Processing  interval  in  seconds  to  simulate  traffic.  A 
.  value  of  10  is  recommended. 

18  -  21       Start  of  simulation  time  in  hours  and  minutes  up  to  2k 
hours . 

79  -  80       Card  number  (02). 
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3  -  Traffic  Parameters  Card 

It  defines  certain  traffic  parameters  for  the  entire  simulation  run. 
One  card. 

Columns  Data  Word 

1  -  h  Discharge  headway  for  the  first  vehicle  of  a  queue  of 

stopped  vehicles. 

Time  in  seconds  and  tenths  of  a  second  that  it  takes  the 
first  passenger  car  in  the  queue  to  move  forward.   It  is 
measured  from  the  time  when  the  queue  is  released  (e.g. 
when  a  traffic  signal  turns  green)  to  the  time  when  the 
rear  end  of  the  car  advances  to  the  point  where  its  front 
end  was  located  when  it  was  stopped. 

5-8         Discharge  headway  for  the  second  vehicle  in  the  queue. 

It  is  the  time  headway  between  the  first  and  the  second 
vehicles  measured  at  the  point  where  the  front  end  of  the 
first  vehicle  was  located  at  the  end  of  its  discharge 

9-12        Discharge  headway  for  the  third  vehicle. 

Time  headway  between  the  second  and  third  vehicle 
measured  at  the  same  point  as  above. 

13  -  l6       Discharge  headway  for  the  fourth  vehicle. 

17  -  20       Discharge  headway  for  the  fifth  vehicle. 

21  -  2k  Discharge  "headway  for  the  sixth  and  subsequent  vehicles. 

Values  of  these  headways  observed  in  Washington,  D.C. 
were  5.3,  ^.0,  3-2,  2.7,  2.5,  and  2.k. 

25  -  29       Average  effective  passenger  car  length  in  feet. 

Physical  length  of  the  vehicles  plus  the  space  between 
two  passenger  cars  in  a  stopped  queue.  It  is  about  22 
feet. 

30  -  3^       Average  effective  bus  length  in  feet. 

Usually  from  35  to  1*5  feet. 
35  -  38       Bus  traffic  factor. 

Number  of  passenger  cars  that  produce  the  same  impedance 
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to  traffic  as  a  bus,  ignoring  the  passenger  loading  and 
unloading  operations.  Its  value  usually  ranges  from  2  to 
3. 

39  -  h2.  Bus  average  acceleration  in  miles  per  hour  per  second. 

A  value  of  2.2  was  observed  in  Washington,  D.C. 
1+3  -  h€>  Bus  average  deceleration  in  miles  per  hour  per  second. 

A  value  of  3.0  was  observed  in  Washington,  D.C. 
hi  -   50       -Bus  normal  cruising  speed  in  miles  per  hour. 

A  value  of  20.0  was  observed  in  Washington,  D.C. 

51  -  5h  Average  bus  delay  in  seconds  at  the  entry  link. 

Buses  are  very  seldom  ahead  of  time,  especially  when  their 
headways  are  long,  because  they  avoid  arriving  at  the  bus 
stops  and  missing  passengers  familiar  with  their  time 
schedule.  Average  urban  buses  delay  with  respect  to  their 
schedule  usually  ranges  from  0  to  120  seconds. 

79  -  80       Card  number.  (3). 
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h  -   Passenger  Service  Time  Card 

The  relationship  between  bus  passenger  service  time   (BPST,   the  time 
that  it  takes  to  load  and  unload  passengers   in  a  bus)   and  the  number  of 
passengers   loaded  (PL)   and  unloaded   (PL)   can  be  expressed  by  the  equation: 

BPST  =  AA  +  BB  x  PL  +  CC  x  PU  -  DD  x  PL  x  PU. 

This  card  contains  the  parameters  that  define  that  relationship. 
Only  one  car  is  necessary. 

Columns  Data  Word 

1-5  Residual  time  in  seconds  for  servicing  passengers   (AA). 

6-10  Incremental  time  in  seconds  to  load  one  passenger   (BB). 

11-15  Incremental  time  in  seconds  to  unload  one  passenger   (CC). 

Io  -  20  Interaction  between  loading  and  unloading  (])!)). 

79  -  80  Card  number   (k). 

Observed  values  of  those  parameters  are  presented  in  the 
.  following  table. 
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1 

Location 

Fare  Policy 

Fare  Collection 

AA 

BB 

cc  !dd 

I 

Washington 
D.C. 

Flat  Fare 

Driver  * 
Cash  &  Change 

3.5 

3.0 

i 

1.0! .05 

Washington 
D.C. 

Flat  Fare 

Driver  * 
Exact  Fare 

k.5 

2.7 

I 

l.Oj .05 

i 
i 

! 
] 

Louisville 
Kentucky 

Flat  Fare 

Driver  * 
Cash  &  Change 

1.8 

2.3 

1 

1.0;. 02 

1 
1 

Louisville 
Kentucky 

Flat  Fare 

Driver  * 
Exact  Fare 

1.6 

!    2.1 

\ 

I 

1 
l.Oj. 02 

1      i 

London 

England 

Flat  Fare 

Driver  ** 
Cash  &  Change 

8.0 

6.9 

i 
i 

i          i 
|  l.k  .00 

! 

i 

Ireland 

'      n.,^p..r  J.  -  .1 

Driver  *w 
Cash  &  Change 

______________________ 

i    0.0 

6o 

1 

i  3-0   .'00 

1 

1       i 

!               i 

*  Simultaneous  boarding  and  alighting. 
*-*  Consecutive  boarding  and  alighting. 


SOURCES:   Investigation  made  by  the  developer  of  the  SUB  model  in 
Washington,  D.C. 

W.  H.  Kraft  and  T.  J.  Boardman,  "Predicting  Bus  Passenger 
Service  Time,"  Traffic  Engineering,  XV  (October  1969)>  17. 

T.  J.  Boardman  and  W.  H.  Kraft,  "Predicting  Bus  Passenger 
Service  Time,  Part  II,"  Traffic  Engineering,  XVI  (February 
1970),  37. 

0ECD  Road  Research  Group,  Optimization  of  Bus  Operation  in 
Urban  Areas,  Paris:  Organization  for  Economic  Cooperation 
and  Development,  1972. 
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5  -  traffic  Demand  Card 

This  card  has  the  traffic  volumes  (excluding  buses)  that  are 
expected  at  the  first  link  of  the  arterial  street  (entry  link)  at 
different  simulation  periods.  Only  one  card  is  required. 

Columns  Data  Word 

1-6         Expected  volume  in  vehicles  per  hour  arriving  at  the 
entry  link  during  simulation  period  one. 

7-12        Volume  during  period  2. 


73  -  78       Volume  during  period  13 . 
79  -  80       Card  number  (5). 


112 


9) 

8 


8 


M 


H 
l 


TO 


TO 


(6)awmoA 


(8;awmoA 


'(^)awffioA 


tfi 


-a 


3 


(9)awniOA 


(s)awmoA 


(^)awmoA 


(e)awniOA 


(3)3WmOA 


3S;t)3hqioa 


asqumu  pjco 


•033 


a'aju  po-pasd  uof^Bjnmfs  Sujana 


^HS-ps  pofaad  uof  sBinurps  Su-pang 


U9A9S  pof j ad  uo^asxniiifs  8uianQ 


xjs  pof jad  uo73Binmis  8u7jnQ 


3Afj   po-paed  uoj ^B^nuj-js  8irp:inQ 


anoj  po-pjdd  uoj:jB-[rnirps  8irpar>a 


33jq^  pofaad  uof^Birrarps  8u-jjna 


OA3   po-jaad  uo-pijBinuifs  8uf;ma 


3uo  pofasd 

uo-paBinurps  Su-panp  ^u-pi  Aa:ju3  u> 

8u7AfaJB    (qdA)  lainntOA  ps^oadxg 


CM 


P 

O 
H 


113 


6  -  Bus  Routes  Card 

Single  card  with  information  about  number  of  bus  routes  and  number 

of  buses  in  each  route. 

Columns  Data  Word 

1-2         Number  of  bus  routes. 

3-5         Number  of  buses  of  Route  1 

Total  number  of  buses  of  Route  1  that  are  scheduled  to 
arrive  at  the  entry  link  during  the  entire  simulation 
run  (all  simulation  periods). 

6-8         Number  of  buses  of  Route  2. 


5k  -   56       Number  of  buses  of  Route  18. 
79  -  80       Card  number  (6). 
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7  -  Link  Cards 

It  is  necessary  to  prepare  a  card  like  this  for  each  link  in  order 
to  provide  information  about  the  length  of  the  link  and  the  location, 
capacity  and  type  of  the  bus  stops  on  the  link.  Up  to  three  bus  stops 
can  be  located  on  a  link. 

Columns  Data  Word 

1-2  Link  number. 

3-7  Length  of  the  link 

8-9  Number  of  bus  stops  on  the  link. 

10  -  ik  Distance  in  feet  from  the  upstream  stop  line  to 

bus  stop  number  1. 

15  -  16       Capacity  of  bus  stop  number  1  (in  buses). 

17  -  l8       Type  of  bus  stop  number  1. 

Unprotected:  0,  Protected:  1 


19  -  27  Same  as  10  -  18,  but  for  bus  stop  number  2. 
28  -  36  Same  as  10  -  38,  but  for  bus  stop  number  3- 
79  -  80        Card  number  (7). 
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8  -  Bus  Arrival  Cards 

These  cards  contain  the  expected  arrival  times  of  buses  to  the  first 
stop,  for  the  entire  simulation  run,  according  to  the  bus  company's  time 
schedules.,   One  or  more  ca;rds  are  necessary  for  each  route.  All  cards 
for  one  route  must  be  together,  placed  in  consecutive  order,  followed 
by  the  cards  for  the  next  route,  etc.  There  is  no  limiation  as  to  the 
number  of  arrivals. 

If  a  bus  route  turns  into  the  arterial  street  from  a  side  street, 
it  is  neces  -,ary  to  assume  that  its  buses  arrived  at  the  first  stop  in 
the  entry  link  and  did  not  serve  any  bus  stop  until  they  reached  the 
bus  stop  that  they  really  serve.   To  convert  bus  arrivals,  a  travel 
speed  of  15  feet  per  second  can  be  assumed. 

If  a  bus  route  turns  out  of  the  arterial  street,  it  is  assumed  that 
it  continues  through  the  arterial  without  serving  any  other  bus  stop. 
The  fact  that  a  bus  does  not  serve  a  bus  stop  must  be  indicated  on  Card 
12. 

Columns  Data  Word 

1-2         Bus  route  number. 

3-6         Arrival  time  in  hours  and  minutes  (up  to  2k   hours) 
of  bus  number  1  of  this  route  to  the  first  stop. 

7-10        Arrival  time  of  bus  number  2.  ■ 


75  -  78       Arrival  time  of  bus  number  19. 
79  -  80       Card  number  (8). 
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If  there  are  more  than  19  buses,  another  card  similar  to  this  one 
must  be  prepared,  repeating  the  route  number  in  columns  1-2,  and  start- 
ing with  the  arrival  of  bus  number  20  in  column  3-6.   If  the  second 
card  is  filled,  a  third,  fourth,  etc.  card  must  be  prepared  in  the  same 
manner. 
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9  -  Common  Demand  Cards 

Oftentimes  there  is  more  than  one  route  that  takes  a  passenger  from 
the  origin  of  his  "bus  trip  to  his  destination.   In  other  words,  for  the 
arterial  street  simulated,  two  routes  may  have  a  common  passenger  demand 
represented  by  the  proportion  of  the  passengers  loaded  on  the  arterial 
street  by  one  route  that  could  have  been  loaded  by  the  other  route,  and 
an  analogous  proportion  for  the  passengers  unloaded.   The  proportion  is 
with  respect  to  the  total  number  of  passengers  expected  to  be  loaded  and 
unloaded  by  the  route  under  consideration.  For  example,  if  Route  1 
expects  to  load  300  passengers  on  a  seven-block  section  of  an  arterial 
street  while  Route  2  expects  to  load  30  of  those  passengers,  we  say  that 
there  is  a  common  loading  demand  of  0.10  between  Routes  1  and  2.   If  the 
total  expected  number  of  passengers  to  be  loaded  by  Route  2  is  150,  then 
the  common  loading  demand  between  Route  2  and  Route  1  is  0.20.   The 
proportion  of  vehicles  to  be  loaded  by  one  route  that  cannot  be  loaded 
by  any  other  route  is  referred  to  as  the  common  loading  demand  between 
a  route  with  itself.  In  the  above  example,  if  there  are  no  other  routes 
than  1  and  2,  the  common  loading  demand  between  Route  1  and  Route  1  is 
0.9.  A  similar  example  can  be  given  for  the  unloading  case. 

It  is  recognized  that  exact  values  for  common  loading  and  unloading 
demand  are  virtually  impossible  to  obtain,  but  it  is  believed  preferable 
to  use  approximate  values  for  common  demand  proportions  than  to  ignore 
common  demand  altogether. 

One  of  this  card  is  required  for  each  route. 
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Cc 

>lumns 

1 

-   2 

3 

-   k 

5 

-  8 

Data  Word 

Route  number. 

Number  of  routes  with  common  demand  with  this  route. 

Common  demand  factors  between  this  route  and  the  "first" 
route  with  common  demand.   (This  route  can  be  any  route 
including  the  route  under  consideration. ) 

This  is  a  four- digit  packed  integer  variable  of  the  form 
XXYZ  where: 

XX  -  Number  of  the  "first"  route. 

Y  -  Proportion  (in  tenths)  of  loading  demand  in  this 

route  which  is  common  to  "first"  route. 
Z  -  Proportion  (in  tenths)  of  unloading  demand  in  this 

route  which  is  common  to  "second"  route. 

If  this  route  has  no  common  demand  with  any  ot?:er  route, 
the  "first"  route  is  the  route  itself,  Y  and  Z  take  zero 
values,  and  the  number  of  routes  with  common  demand  is 
one. 

9-12  Common  demand  factors  between  this  route  and  the  "second" 
route  with  common  demand.  (The  "second"  route  can  be  any 
route  except  the  "first"  route.) 


73  -  78        Common  demand  factors  between  this  route  and  the  "l8th" 
route  with  common  demand. 

79  -  80       Card  number  (9). 
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10  -  Signal  Cards 

These  cards  contain  information  about  the  setting  of  the  traffic 

signal  associated  -with  a  link  and  in  general  with  any  traffic  control 

device  installed  in  the  intersection  at  the  head  of  the  link.  One  card 
is  required  for  each  link,  each  simulation  period. 

Data  Word 

Simulation  period  number. 

Link  number. 

Cycle  length  in  seconds  for  this  period  and  link. 

If  there  is  a  "Stop"  or  "Yield"  sign  for  the  cross 
street,  a  zero  must  be  placed  here  and  the  rest  of  the 
card  is  ignored,  except  columns  79  -  SO. 

9-12        Green  interval  in  seconds. 

13  ■■  l6       Advanced  green  interval  for  this  direction  in  seconds. 
The  number  of  seconds  that  the  start  of  the  green 
indication  for  the  direction  considered  precedes  the 
start  of  the  green  for  the  opposite  direction. 

17  -  20       Signal  offset  in  seconds  counted  from  a  time  reference 
base  for  all  the  signals. 

79  -  80       Card  number ( 10). 


Columns 

1  - 

2 

3  - 

k 

5  - 

8 
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Columns 

1  - 

2 

3  - 

k 

5  - 

7 

11  -  Traffic  Speed  and  Volume  Cards 

Cards  denoting  the  speed  of  traffic  and  distribution  of  traffic 
volumes.   One  card  is  needed  for  each  link,  each  simulation  period. 

Data  Word 

Simulation  period  number. 

Link  number. 

Overall  average  speed  of  traffic  in  miles  per  hour, 
ignoring  delays  at  intersections.   It  is  usually  a  little 
less  than  the  average  running  speed  of  the  vehicles  and 
generally  ranges  from  20  to  30  miles  per  hour  on  arterial 
streets. 

8-12        Traffic  volume,  in  vehicles  per  hour,  turning  into  the 

arterial  street  from  the  left  leg  of  the  cross  street  at 
the  head  of  the  link. 

13  -  17       Traffic  volume,  in  vehicles  per  hour,  turning  into  the 
arterial  street  from  the  right  leg  of  the  cross  street. 

18  -  22       Traffic  volume,  in  vehicles  per  hour,  coming  from  the 
opposite  direction  on  the  arterial  street. 

23  -  27       Traffic  volume,  in  vehicles  per  hour,  coming  from  mid- 
block  sources  such  as  parking  spaces  at  curb  or  parking 
terminals.   It  is  really  the  balance  between  the  vehicles 
that  unpark  and  those  that  park  during  the  simulation 
period,  expressed  as  an  hourly  rate.   It  is  negative 
when  more  vehicles  park  than  unpark. 

28  -  32       Proportion  of  traffic  on  lane  2  (next  to  the  curb  lane) 
that  turn  left. 

33  -  37  Proportion  of  traffic  on  lane  1  (curb  lane)  turning  right. 

38  -  k2  Proportion  of  traffic  that  uses  lane  1. 

k3  -  hY  Proportion  of  traffic  that  uses  lane  2. 

79  -  80  Card  number  (ll). 
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12  -  Passenger  Demand  Card 

These  cards  specify  the  number  of  passengers  expected  to  be  serviced 
at  each  bus  stop  by  each  bus  route  during  each  simulation  period.  There 
is  one  or  more  of  these  cards  for  each  bus  stop,  for  each  period. 

Columns  Data  Word 

1-2  Simulation  period  number. 

3  -  h  Link  number. 

5-6  Bus  stop  number  within  the  link,      (l,   2  or  3)« 

7-9  Number  of  passengers  expected  to  be  loaded  by  Route  1  in 

this  bus  stop  during  this  simulation  period. 

A  negative  number  here  indicates  that  Route  1  does  not 
serve  this  bus  stop. 

10-12  Number  of  passengers  expected  to  be  unloaded  by  Route  1 

in  this  bus  stop  during  this  simulation  period. 

13  -   15  Passengers  to  be  loaded  by  Route  2. 
16  -  18  Passengers  to  be  unloaded  by  Route  2. 


73  -  75  Passengers  to  be  loaded  by  Route  12. 

76  -  78  Passengers  to  be  unloaded  by  Route  12. 

79  -  80  Card  number   (ll). 

If  there  are  more  than  12  routes,   another  of  these  cards  must  be 
prepared  duplicating  columns  1-6  and  starting  with  the  information 
for  Route  13  and  subsequent  routes  in  column  7. 
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13  -  Passenger  Load  Cards 

These  cards  specify  the  number  of  passengers  that  buses  of  each 
route  are  expected  to  carry  when  they  arrive  at  the  simulated  section  of 
arterial  street.   There  is  one  of  these  cards  for  each  simulation  period. 

Columns  Data  Word 

1-2       .  Simulation  period  number. 

3-5         Expected  load  (number  of  passengers  carried)  for  buses  of 
Route  1  when  they  arrive  at  the  simulated  section. 

6-8         Expected  load  for  buses  of  Route  2. 


5k   -  56       Expected  load  for  buses  of  Route  18. 
79  -  80       Card  number. 
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Ik   -  Passenger  Capacity  Cards 

They  express  the  capacity  for  carrying  passengers  of  buses  of  each 
route.  Since  the  average  capacity  of  the  buses  of  a  route  may  change 
with  the  time  of.  the  day,  a  different  card  is  required  for  each  simula- 
tion period. 


Columns 
1-2 
3  -  5 


6  -  8 


Data  Word 

Simulation  period  number. 

Capacity  of  buses  of  Route  1. 

This  capacity  includes  the  seated  passengers  plus  the 
standees  that  the  buses  can  carry.  It  usually  ranges 
from  60  to  85  passengers. 

Capacity  of  buses  of  Route  2.' 


5^  -  56       Capacity  of  buses  of  Route  18. 
79  -  80       Card  number. 
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Embedded  Input  Data 

The  Input  data  contained  in  the  cards  described  above  are  referred 
to  as  exogenuous  because  they  come  from  a  source  external  to  the  model. 
Other  data  are  embedded  within  the  program  of  the  model.  As  such,  these 
data  are  not  amenable  to  modification  by  the  user  through  the  medium  of 
data  input  cards.  If  a  change  of  any  of  these  data  Is  required,  the 
user  must  revise  the  appropriate  statement  within  the  program  where  the 
data  are  defined. 

No  change  is  anticipated  in  some  of  the  data  embedded  in  the  model, 
because  its  outputs  are  not  very  sensitive  to  variations  in  these  data 
within  the  range  of  conditions  found  in  real  life.   Driver's  reaction 
time  and  gap  acceptance  characteristics  fall  in  this  category. 

Changes  in  other  types  of  embedded  data,  however,  may  cause  signi- 
ficant variations  on  the  model's  outputs.   Then,  if  the  model  is  going 
to  be  used  under  conditions  that  differ  from  the  scenario  where  it  was 
calibrated  in  Washington,  D.C.,  it  is  necessary  to  modify  those  data. 
This  type  of  embedded  data  is  called  embedded  calibration  data. 

All  embedded  calibration  data  are  specified  within  a  single  sub- 
routine called  BLOCK  and  transmitted  to  the  main  program  or  to  other 
subroutines  that  require  them  through  COMMON  'storage.  Hence,  only  this 
subroutine  needs  to  be  altered  to  perform  any  modification  to  the  data. 

The  embedded  calibration  data  consist  of  a  series  of  decile 
statistical  distributions  of  factors  that  are  applied  to  the  expected 
value  of  certain  parameters  in  order  to  produce  random  variability  on 
those  parameters.  Each  of  tbose  10  factors  has  an  integer  from  1  to  10 
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associated  with  it.   Then,  the  random  variation  of  the  parameter  is 
produced  by  generating  a  random  number  between  1  and  10,  selecting  the 
factor  associated  with  the  integer  generated  and  multiplying  the  factor 
by  the  expected  value  of  the  parameter.  The  embedded  random  factors 
which  resulted  from  the  calibration  of  the  model  in  Washington,  D.C.  are 
the  following: 

Variability  of  lane  distribution: 


Integer         _1_    2     3    _h_      _5_   _§_    _L_    JL  9  10 
Random  Factor     0.3   oTo"   oTH   0.9   1.0   1.0    1.1    1.2  IT?  1.7 


Variability  of  passenger  arrivals: 

Integer        _1_   _2_    3    _h_      _5_  _6_      _7_   5    9     10 
Random  Factor    0.5   0.7  oTB       0.9   1.0  1.0   1.1  1.2  l7¥   1.7 

Variability  of  bus  passenger  service  time: 

Integer         _1_      _2_    3    Jj_   _1_  _6_   J7_  _8_   9    10 
Random  Factor    0.5   0.7   oTH   0.9   1.0  1.0   1.1  1.2  l7£   1.7 

Variability  of  Queue  length: 

Integer        _J_   _2_    3    Jj_   _5_  _6_   _7_  _J_   9    10 
Random  Factor    0.5   0.7   oTH   0.9   1.0  1.0   1.1  1.2  TTT   1.7 

Variability  of  bus  traversal  speed 

Integer        _±_        2     3    h  5    6    7    8    9    10 

Random  Factor    0.7   0.8   0.9   0.9   1.0  1.0  1.1   1.1  1.2   1.3 

Bus  arrival  variability: 

In  this  case,  instead  of  a  factor,  a  random  term  is  added  to  the 
expected  value  of  bus  arrivals 
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Integer 
Random  Term 


"3^56 
,0  -15  -500 
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Output  of  the  SUB  Model 

The  standard  output  of  the  model  includes  a  summary  of  the  input  data 
specified  for  the  entire  simulation  run.  Figure  34  shows  an  example  of 
this  summary. 

Preceding  the  output  for  each  simulation  period,  the  program  also 
prints  a  summary  of  the  input  data  pertaining  to  that  simulation  period 
presented.  This  is  shown  in  Figure  35. 

The  real  output  begins  with  a  bus  itinerary  showing  the  arrival  time 
of  each  bus  to  each  bus  stop  and  its  departure  time  from  it.  Also 
appearing  in  the  itinerary  is  the  number  of  passengers  loaded  and 
unloaded  at  each  bus  stop  as  well  as  the  passenger  service  time.   The 
same  passenger  statistics  are  accumulated  for  each  bus  and  printed  at  the 
end  of  the  itinerary.   The  overall  travel  speed  of  each  bus  during  the 
current  simulation  period  is  also  printed  here.   This  speed  is  computed 
by  dividing  the  distance  traveled  by  a  bus,  by  the  time  required  to  cover 
that  distance,  including  the  duration  of  stops.   This  portion  of  the  real 
output  is  shown  in  Figure  36 . 

Bus  statistics  by  route  are  also  printed  and  they  include  the  total 
number  of  passengers  loaded  and  unloaded,  the  total  bus  passenger  service 
time,  the  mean  overall  travel  speed,  the  total  passenger  waiting  time  at 
the  bus  stops  and  the  average  waiting  time  per  passenger.  Then,  the  same 
statistics  are  printed  for  the  total  number  of  buses  as  summary 
statistics.  Figure  .37  shows  an  example  of  route  and  summary  statistics. 
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The  regularity  of  bus  arrivals  at  the  bus  stops,  overall  trave' 
speed,  and  passenger  waiting  time  can  be  regarded  as  measures  of 
effectiveness  of  the  system  represented. 
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SIMULATION  OF  URBAN  BUSES 
TEST  ARTERIAL 

ORIGIN  OF  RANDOM  NUMBERS  :237191   -   PROCESSING  INTERVAL   :  10 

QUEUE  DISCHARGE  HEADWAYS  =   5.3  4.0  3.2  2.7  2.5  2.4 

CAR  LENGTH  =  22.  FT    BUS  LENGTH  =  70.  FT.   BUS  TRAF.  FACTOR  =  2.0 
BUS  ACCELERATION  =   2.2  MPH/SEC  -  BUS  DECELERATION  =  3.0  MPH/SFC 
BUS  CRUISING  SPEED   =  20.  MPH     -     AVERAGE  BUS  DELAY  =    60  SEC 

SERVICE  TIME  IN  SEC  =  3.50  +  3.00  PL  +  1.00  PU  -  0.05  PL  .PU  +  DE7  . 

TRAFFIC  DEMANDS,  VPH  : 
700     900 


LINK   LENGTH    BUS  STOP  NO.  1     BUS  STOP  NO.  2     BUS  STOP  NO.  3 
NO.    FEET     DIST   CAP   TYPE    DIST   CAP   TYPE    DIST   CAP 

FEET   BUS  FEET   BUS 


FEET 

BUS 

1 

550. 

0. 

0 

0 

2 

600. 

200. 

2 

1 

3 

450. 

260. 

3 

0 

4 

550. 

200. 

2 

0 

5 

500.     v 

500. 

4 

0 

600. 
550. 


EXPECTED  BUS  ARRIVALS  TO  FIRST  STOP  LINE  IN  HOURS  £  MINUTES 
ROUTE  ARRIVALS  : 

1    803   806   809   812   815   818   821   824   827   830   833   836 

1  839       842       845 

2  802       806       810       814       818       822       826       830       834       838       842 

3  801       805       810       815       820       825       830       835       840       845 

4  804       810       816       822       828       834       840 

5  802       810       820      830 

FIGURE    3  4.  A 

EXAMPLE   OF   SUMMARY    INPUT  DATA   FOR 
THE  ENTIRE   SIMULATION   RUN 
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PERCENT    OF    BUS    COMMON    PASSENGER    DEMAND 


BETWEEN    ROUTE        1 

AND    ROUTES     :        1       2       3       4 

COMMON    LOADING       60    20     10     10 
COMMON    UNLOAD.        60    20    10     10 

BETWEEN    ROUTE       2 

AND    ROUTES     :        1  2  3 

COMMON    LOADING       40  50  10 

COMMON  UNLOAD.  40  50  10 
BETWEEN    ROUTE       3 

AND    ROUTES    :       1  2  3 

L-ui  'i  tun        i.  *-> <-»  t-*  *  •  »  ^  -^  —        -    w        £  \J 

COMMON    UNLOAD.       30    20    50 

BETWEEN    ROUTE       4 

AND    ROUTES     :        1       4 

COMMON    LOADING      40    60 
COMMON    UNLOAD.       40    60 

BETWEEN    ROUTE       5 

AND    ROUTES    :       5 

COMMON    LOADING  0 

COMMON    UNLOAD.  0 


FIGUEE    34  <B 

EXAMPLE  OF  SUMMARY   INPUT  DATA 
FOR  THE  ENTIRE  SIMULATION  RUN 
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FUR ' SIMULATION  PERIOD   2  -  FROM    8:15   TO    8:30 
TRAFFIC  SIGNALS  SETTING  IN  SECONDS 


LINK 

CYCLE 

GREEN 

ADVANCED 

OFFSET 

NUMBER 

LENGTH 

PHASE 

GREEN 

1 

80 

40, 

0 

0 

2 

80 

45 

10 

60 

3 

80 

50 

0 

40 

4 

80 

40 

10 

0 

5 

80 

40 

10 

50 

TRAFFIC  SPEEDS  AND  VOLUMES 

LINK  SPEED   VOLUME  FROM  OPPOS.  MDBLCK  TURNING  LANE 

NUMB   MPH    SIDE  ST  VPH  VOLUME  DEMAND  PROBABILITY  DISTRIBUTION 

LEFT   RIGHT  VPH  VPH  LEFT   RIGHT  ONE     TWO 

1  20.     100    150  1000  100  0.0     0.15  0.40    0.60 

2  25.      80    150  900  0  0.25    0.10  0.45    0.55 

3  20.     150    250  1000  -100  0.0     0.25  0.40    0.60 

4  20      100    200  1000  50  0.20    0.15  0.40    0.60 

5  20.        0    100  800  0  0.10    0.10  0.45    0.55 


BUS  PASSENGER  DEMAND 


BUS 

ROUTE   1 

ROUTE   2 

ROUTE   3 

ROUTE   4 

ROUTE   5 

STP 

PL 

pux 

PL 

PU 

PL 

PU 

PL 

PU 

PL 

PU 

2 

50 

60 

-1 

0 

80 

90 

0 

0 

16 

18 

3 

-1 

0 

40 

50 

0 

0 

20 

30 

0 

0 

5 

60 

60 

70 

80 

120 

130 

20 

30 

20 

24 

7 

40 

40 

-1 

0 

100 

100 

0 

0 

16 

18 

8 

0 

0 

50 

60 

0 

0 

10 

10 

0 

0 

10 

30 

20 

30 

40 

60 

70 

10 

10 

10 

10 

BUS  PASSENGER  LOAD  AND  CAPACITY 
ROUTE    LOAD    CAPACITY 


1       40 

60 

2       30 

60 

3       50 

60 

4       60 

60 

5       40 

60 

FIGURE  35 

EXAMPLE  OF  SUMMARY   OF   INPUT  DATA 
PERTAINING  TO  A  SIMULATION   PERIOD 

140 


BUS  NUMBER: 
ROUTE   NO: 


-LINK  NUMBER   4 
BUS  STOP  NO.   1 

ARRIVAL  TIME 
PASS.  LOADED 
PASS.  UNLOADED 
SERVICE  TIME,  SEC 
DEPARTURE  TIME 

BUS  STOP  NO.   2 


16 

18 

17 

19 

20 

22 

21 

3 

4 

1 

1 

2 

5 

3 

18 

8:20 

8:20 

8:21 

8:24 

8  :25 

8  :26 

7 

5 

6 

0 

0 

10 

13 

10 

6 

11 

2 

0 

3  0 

31 

52 

23 

40 

5 

0 

30 

48 

19 

8:20 

8:21 

8:21 

8:24 

8  :25 

8  :27 

ARRIVAL  TIME 
PASS.  LOADED 

8:20 
6 

8:21 
2 

8:22 

2 

8:22 
0 

8:24 
11 

8  :25 
0 

8  :2  7 
4 

PASS.  UNLOADED 
SERVICE  TIME,  SEC 
DEPARTURE  TIME 

2 

25 

8:20 

3 

17 

8:21 

3 

20 

8:22 

0 

0 

8:22 

20 

31 

8:25 

0 

0 

8  :2b 

2 

8 

8  :27 

STOP  LINE 

ARRIVAL  .TIME         8:20    8:21    8:22    8:22    8:25    8:25    8:27 
DEPARTURE  TIME       G:2C    6:21    6:22    8:22    8 : ? h    8?25    8:28 


-LINK  NUMBER   5 
BUS  STOP  NO.   1 


ARRIVAL  TIME 
PASS.  LOADED 

8:21 
3 

8:22 
5 

8:23 
8 

8:23 
0 

8:26 
12 

8:28 
7 

8:29 
13 

PASS.  UNLOADED 
SERVICE  TIME,  SEC 
DEPARTURE  TIME 

5 

11 

8:21 

4 

25 

8:22 

7 

38 

8:23 

0 

0 

8:23 

11 

52 

8:27 

8 

50 

8:2  8 

38 

66 

8  :30 

STOP  LINE 


ARRIVAL  TIME 

8:21 

8:22 

8:23 

8 

:23 

8:27 

8:2  8 

0:  0 

DEPARTURE  TIME 

8:21 

8:22 

8:24 

8 

:24 

8:27 

8  :29 

0  :  0 

TOTAL  P.  LOADED 

31 

19 

32 

2 

55 

42 

71 

TOTAL  P.  UNLOADED 

46 

28 

42 

10 

60 

4  9 

140 

TOTAL  S  TIME,  SEC 

136 

101 

195 

19 

209 

154 

238 

OVERALL  SPEED  MPH 

5.1 

4.4 

FIGURE  36 

3.3 

4.3 

3.1 

3.5 

2.8 

EXAMPLE  OF  BUS  ITINERARY  AND 
BUS  SUMMARY  STATISTICS 
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ROUTE  STATISTICS 


ROUTE  NUMBER 
TOTAL  P.  LOADED 
TOTAL  P.  UNLOADED 
TOTAL  S.  TIME,  MIN 
MEAN  SPEED,  MPH 
P.  WAIT.  TIME,  MIN 
MEAN  P  W  TIME,  MIN 


1 

2 

3 

4 

5 

100 

91 

128 

48 

48 

150 

97 

257 

67 

57 

551 

362 

495 

2  50 

181 

4.2 

4.3 

3.6 

4.3 

4.8 

240 

263 

335 

186 

301 

2.0 

2.7 

2.1 

2.8 

4.3 

SUMMARY  STATISTICS 

TOTAL  PASSENGERS  LOADED  =    415   TOTAL  PASSENGERS  UNLOADED  =  628 

TOTAL  SERVICE  TIME,  MIN  =   1839   MEAN  OVERALL  BUS  SPEED,  MPH=  4.2 

PASS  WAITING  TIME,  MIN  =    1325   MEAN  PASS.  WAIT.  TIME,  MIN  =  2.6 


FIGURE  37 

EXAMPLE  OF  ROUTE  STATISTICS  AND 
SUMMARY  STATISTICS  FOR  A  SIMULATION 
PERIOD 
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APPENDIX  1 

DOCUMENTATION  OF  THE  PROGRAM 
FOR  THE  SUB  MODEL 
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THE  PROGRAM  SUB 

This  program  has  been  developed  to  execute  the  simulation  model  SUB 
(Simulation  of  Urban  Buses)  on  a  digital  computer.   It  is  written  in 
FORTRAN  IV  language  and  consists  of  a  main  routine,  SUB  and  eight  sub- 
routines named  BLOCK,  TRAFIC,  SIGNAL,  ARRIVE,  QDIS,  LOAD,  GOQ  and  RANDOM. 

A  complete  documentation  of  the  program  is  presented  in  the  follow- 
ing pages.   The  main  routine  and  each  subroutine  are  documented  by  (l) 
a  description  of  the  routine  where  its  logic  is  outlined  and  the  main 
variables  involved  are  defined,  (2)  a  detailed  flow  chart  formulating 
its  algorithm,  and  (3)  a  listing  of  the  corresponding  portion  of  the 
program. 
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MAIN  PROGRAM  SUB 

Purpose  -  To  simulate  urban  bus  operation  in  one  direction  of  an  arte- 
rial street.  The  effect  of  traffic  on  buses  is  represented, 
but  not  the  effect  of  buses  on  traffic. 

Input  -   Direct: 

Origin  of  random  numbers  (ORIGIN) ,  number  of  -"links  (NLINK)} 
simulation  period  (PERIOD),  number  of  periods  (NPER),  process- 
ing interval  (DT),  start  of  simulation  time  (ISTART),  dis- 
charge headway  (DIS),  average  pass,  car  and  bus  length  (CLEN, 
BLEN),  bus  traffic  factor  (BTF),  bus  acceleration,  dec.  and 
normal  cruising  speed  (BACC,  BDEC,  BNCRU),  average  bus  delay 
to  first  stop  (DELAY),  passenger  service  time  parameters 
(AA,B3,CC,DD, ),  traffic  demand  at  entry  link  (VOLUME). 
number  of  bus  routes  (NR),  number  of  buses  in  each  route  (NB), 
link  length  (LENGTH),  number  of  bus  stops  in  link  (NBS), 
capacity  of  bus  stop  (KBS),  distance  from  bus  stop  to  upstream 
stop  line  (DBS),  scheduled  bus  arrival  time  to  first  stop  (ARE}), 
number  of  routes  -with  common  demand  (NCR),  routes  with  common 
demand  and  proportion  that  the  common  demand  is  total  demand 
(packed  in  one  variable)  (COM),  traffic  signals  setting 
(CYCLE, GREEN,  ADVG, OFFSET),  average • vehicular  speed  (SPEED), 
traffic  volumes  (LVOL,  RVOL,  OVOL,MVOL),  proportions  of  turn- 
ing vehicles  (LT,RT),  lane  distribution  of  traffic  (iANEl, 
LANE2),  number  of  passengers  expected  to  be  loaded  and 
unloaded  (PL,PU),  initial  passenger  load  in  each  bus  (NLOAD), 
capacity  of  buses  (KAP). 
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Transmitted  through  COMMON  storage: 

Variables  that  represent  the  stochastic  nature  of  various 
parameters  ( RAF JRAFl,RAF2,RAF35RAFl+, IRAN ) . 

Output  -  Direct:" 

For  each  bus  at  each  bus  stop:  arrival  time  (a),  number  of 
passengers  loaded  and  unloaded  (NPL,NPU),  passenger  service 
time  (STIME),  departure  time  (DEP). 

For  each  bus:  total  number  of  passengers  loaded  and  unloaded 
(NNPL,NNPU),  total  passenger  service  time  (NSTIME),  bus 
overall  speed  (OSPEED). 

For  each  route:  total  numbers  of  passengers  loaded  and 
unloaded  (NRPL,  NRUP),  total  passenger  service  time  (RSTIM), 
mean  bus  overall  speed  ( RSPEED),  total  passenger  waiting  time 
at  bus  stops  (NRPMIN)j  mean  waiting  time  per  passenger  (ARPMIN). 
For  each  simulation  period:   total  number  of  passengers 
loaded  and  unloaded  (NNPL,NNNPU) ,  total  passenger  service  time 
(RSTIM),  mean  bus  overall  speed  ( RSPEED),  total  passenger 
waiting  time  (NRPMIN),  mean  waiting  time  per  passenger  (AAPMIN), 

Method  -  Buses  are  individually  simulated  as  they  travel  through  several 
blocks  (links)  of  an  arterial  street '.      The  simulation  time 
is  divided  into  periods  of  a  specified  duration  in  minutes. 
Then,  simulation  is  performed  period  by  period  and  link  by 
link  within  each  period. 
Links  are  measured  from  stop  line  to  stop  line.   The  first 


146 


link  represented  is  the  entry  link  which  is  actually  a  dummy 
link  because  it  is  only  used  to  release  vehicles  in  platoons 
to  the  other  links  and  to  incorporate  buses  to  the  traffic 
stream.   It  is  possible  to  have  as  many  as  three  bus  stops. 


The  first  simulation  period  can  be  regarded  as  a  "dummy" 
period.   Its  function  is  to  "fill"  the  arterial  street  with 
traffic,  (including  buses)  and  attain  a  steady  state. 
Statistics  compiled  for  this  period  are  meaningless,  except 
for  observing  the  performance  of  the  model.   The  real  simulation 
began  at  the  second  link  at  the  start  of  the  second  period. 

Bus  scheduled  arrival  times  to  the  downstream  stop  line  of  the 
entry  link  are  entered  as  inputs,  but  a  stochastic  term  is 
algebraically  added  to  each  arrival  time  to  simulate  their 
deviations  from  the  schedule.   The  results  are  tentative 
arrivals . 

Two  numbers  are  assigned  to  each  bus.   One  of  them  is  the 
identification  number  which  is  inalterable.   The  other  one  is 
the  sequential  number  which  represents  the  position  of  the  bus 
in  the  sequence  of  buses  moving  along  the  arterial  street. 
When  a  bus  passes  another  bus  their  sequential  numbers  are 
switched. 

After  the  computation  of  tentative  bus  arrival  times  to  the 
first  stop  line  and  the  assignment  of  bus  numbers,  the  first 
simulation  period  and  the  first  link  are  selected.   Then, 
traffic  in  the  link  (with  the  exclusion  of  buses)  is 
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macros copically  simulated  for  the  entire  period  using  the  sub- 
routine TRAGIC.   Traffic  volumes,  traffic  densities  and 
vehicular  queues  are  computed  and  stored  for  each  of  the 
intervals  in  which  the  period  is  divided. 

The  first  stop  in  the  link  is  examined  to  determine  -whether  it- 
is  a  stop  line  or  a  bus  stop.  If  it  is  both,  it  is  considered 
first  as  a  bus  stop  and  then  as  a  stop  line. 

If  the  stop  is  a  stop  line  the  first  bus  to  arrive  at  it  is 
processed,  computing  its  departure  time.  This  time  depends  on 
the  length  of  the  vehicular  queue,  if  any,  at  the  time  of  its 
arrival  and  the  state  of  the  traffic  signal  at  the  inter- 
section.  If  the  bus  joins  a  queue  it  will  not  depart  until 

j->,_     ~_-.-...„     2  -,      jj, 1--n -3  0--V-.-.1-J--  --,-v--     nT/imuT         AT.TO      , — ,p    n  r\r\ 

are  used  in  this  computation.   Then,  the  next  vehicle  to 
arrive  is  treated  in  a  similar  manner1  and  the  process  con- 
tinues until  an  arrival  outside  the  simulation  interval  is 
found.  At  this  point  the  departure  time  of  all  the  buses 
that  arrived  during  the  simulation  period  has  been  computed 
and  recorded. 

If  the  stop  is  a  bus  stop  the  procedure  is  more  complex.   The 
vehicle  that  is  supposed  to  arrive  at  the  bus  stop  is  pro- 
cessed but  its  final  arrival  time  depends  on  several  circum- 
stances.  If  the  previous  bus  is  still  at  the  bus  stop,  it  is 
necessary  to  compute  the  length  of  the  queue  of  vehicles 
between  the  two  buses  (if  there  is  any)  and  to  determine  the 
time  when  that  queue  moves  forward  and  let  the  processed  bus 
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reach  the  bus  stop.   If  the  previous  bus  is  not  at  the  bus  stop, 
the  length  of  the  queue  from  the  stop  line  must  be  checked  to 
find  out  if  the  queue  prevents  the  processed  bus  from  entering 
the  bus  stop.   If  the  queue  blocks  the  bus,  the  arrival  time 
of  the  bus  -will  be  delayed  until  the  queue  advances  and  lets 
the  bus  get  into  the  bus  stop.  Subroutines  SIGNAL,  and  GOQ 
are  used  in  these  operations. 

Once  the  bus  is  at  the  bus  stop,  passenger  service  time  is 
computed  using  the  LOAD  subroutine.   If  no  previous  bus  is 
still  at  the  bus  stop,  the  departure  time  from  the  bus  stop 
is  computed  by  adding  the  passenger  service  time  to  the  bus 
arrival  time.   If  the  previous  bus  is  still  at  the  bus  stop, 
the  processed  bus  will  try  to  pass  it.  The  passing  maneuver 
will  take  place  as  soon  as  there  is  an  acceptable  gap  in  the 
traffic  stream  moving  through  the  adjacent  lane,  provided 
that  no  queue  in  that  lane  blocks  the  maneuver.   If  no 
opportunity  to  pass  is  found  until  the  previous  bus  leaves 
or  until  the  simulation  period  ends,  the  bus  processed  will 
depart  two  seconds  after  the  departure  of  the  preceding  bus. 

When  a  bus  is  blocked  by  another  bus,  the  model  only  allows 
passing  during  the  simulation  period  where  the  blocking 
started.   If  bus  departure  time  occurs  beyond  the  period  under 
consideration  no  other  arrival  at  the  bus  stop  will  be  pro- 
cessed during  that  period.   The  rest  of  the  arrivals  in  the 
current  period  will  be  placed  at  the  start  of  next  period.   If 
bus  departure  occurs  during  the  current  period  the  next  bus 
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arrival  ■will  be  considered  and  processed  in  the  same  fashion. 
The  process  continues  until  departure  times  are  computed  and 
recorded  for  all  the  buses  that  are  assumed  to  arrive  at  the 
bus  stop  during  the  simulation  period  under  consideration. 

Once  all  the  departure  times  for  a  stop  (stop  line  or  bus  stop) 
are  computed  for  a  given  simulation  period,  the  next  step  is  to 
compute  the  tentative  arrival  times  of  the  buses  at  the  next 
doTOistream  stop.   This  computation  is  performed  according  to 
an  empirical  formula  that  takes  into  account  acceleration  and 
deceleration  delays,  and  the  effect  of  traffic  density  on  bus 
speed  when  density  is  beyond  a  certain  threshold  value. 

When  tentative  arrival  times  are  computed  and  recorded  for  all 
the  buses  during  the  current  simulation  period,  the  applica- 
tion of  the  simulation  procedure  is  completed.   The  same 
procedure  (computation  of  final  arrival  and  departure  times 
and  tentative  arrival  times  at  next  stop)  is  repeated  for  the 
next  stop  and  the  operation  continues  until  the  last  stop  is 
reached.   The  simulation  ends  when  final  departure  times  are 
computed  for  the  last  stop. 

Outputs  for  the  simulation  period  are  printed  and  the  next 
period  is  simulated  in  the  same  manner.  When  all  the  simula- 
tion periods  are  processed  the  simulation  exercise  is  concluded. 
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FIGURE  38 

SUMMARY  FLOW  CHART  FOR 
MAIN  PROGRAM  SUB 
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Variables 


A(S,IB) 


AA 


AAPMIN 
ACCT 

ADEL 
ADELAY 

ADVG(L) 


AOSPEE 

\ 
ARPMIN(IR) 

ARR(lR,IB) 

B 

BACC 

BB 


BDEC 
BLEN 
BNCRU 
BPHASE 


=  Arrival  time,  in  seconds  since  the  start  of 
simulation,  of  bus  IB  to  stop  S. 

=  Independent  term  in  the  equation  Z-AA+BB-X+ 
COY-DD'X-Y  which  estimates  the  passenger 
service  time  (z)'  in  seconds,  in  function  of 
the  number  passengers  loaded  (X)  and  unloaded 
■   (Y). 

=  Average  waiting  time  per  passenger  in  minutes. 

=  Time  in  seconds  to  accelerate  to  bus  normal 
cruising  speed. 

=  Acceleration  delay  in  seconds. 

=  Acceleration  delay,  delay  in  seconds  incurred 
by  bus  to  accelerate  from  stop  to  normal 
cruising  speed. 

=  Advanced  green.  Number  of  seconds  that  the 
start  of  the  green  phase  in  the  direction 
considered  precedes  the  start  of  the  green 
for  the  opposing  traffic  at  link  L. 

=  Average  overall  speed  for  the  period  in  miles 
per  hour. 

=  Average  waiting  time  per  passenger  in  minutes, 
for  route  IR. 

=  Arrival  time,  in  hours  and  minutes,  to  the  first 
stop  line,  of  bus  IB  of  route  IR. 

=  Sequential  number  of  bus  IB. 

=  Bus  acceleration  in  miles  per  hour  per  second. 

=  Coefficient  in  the  equation  Z=AA+BB»X+COY- 
which  estimates  the  passenger  service  time  (z) 
in  seconds,  in  function  of  the  number  of 
passengers  loaded  (X)  and  unloaded  (y) 

=  Bus  deceleration  in  miles  per  hour  per  second. 

=  Average  bus  length  in  feet. 

=  Bus  normal  cruising  speed. 

=  Balance  or  remaining  duration  of  the  current 
phase,  of  the  signal  considered,  in  seconds. 
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BPOS(IB) 

BROUTE(lR) 

BTF 


BTS 

cc 


CLEN 
COM(lR,l) 


CYCLE (L) 
Dl(L,T) 

D2(L,T) 
DBS (L, IS) 
DD 


DDEL 


DECT 


DELAY 


DEN(T) 


=  Last  position  occupied  by  bus  IB  in  a  bus  stop. 

=  Number  of  buses  in  route  IR. 

=  Bus  traffic  factor.  Number  of  passenger  cars 
that  produce  traffic  impedance  equivalent  to 
that  produced  by  one  bus,  disregarding  passenger 
service  operation. 

=  Bus  traversal  speed. 

=  Coefficient  in  the  equation  Z=AA+BBX+CC- Y-DD* 
X'Y  which  estimates  the  passenger  service  time 
(Z)  in  seconds,  in  function  of  the  number  of 
passengers  loaded  (X)  and  unloaded  (y). 

=  Average  passenger  car  length  in  feet. 

=  Common  demand  factors  for  route  IR  (I  =  1, . . . , 
NCR(IR)).   Packed  integer  variable  XXYZ  where 
XX  =  Number  of  the  route  with  common  passenger 
demand  to  route  IR,  Y  =  Proportion  of  common 
loading  demand  between  the  routes,  in  tenths 
Z  =  Proportion  of  common  unloading  demand 
between  the  routes,  in  tenths. 

=  Cycle  length  in  seconds  of  signal  at  link  L. 

=  Traffic  demand  in  lane  1  (Curb  lane)  of  link  L 
during  processing  interval  T.   It  is  measured 
by  the  number  of  vehicles  that  arrive  at  the 
intersection  during  that  simulation  interval. 

=  Traffic  demand  in  lane  2  (next  to  curb  lane)  of 
link  L  during  processing  interval  T. 

=  Distance  in  feet  from  upstream  stop  line  to  the 
ISth  bus  stop  in  link  L. 

=  Coefficient  in  the  equation  Z  =  AA+BB'X+CC-Y- 

DD«X*Y  which  estimates  the  passenger  service  time 
(Z)  in  seconds  in  function  of  the  number  of 
passengers  loaded  (X)  and  unloaded  (Y). 

=  Deceleration  delay.   Delay  in  seconds  incurred 
by  a  bus  to  decelerate  from  normal  traversal 
speed  to  a  complete  stop. 

=  Time  to  decelerate  from  bus  normal  cruising  speed 
to  a  stop. 

=  Average  delay  in  seconds  for  all  buses  in  their 
arrival  to  the  first  stop  line. 

=  Traffic  density  in  vehicles  per  link  at  the  end 
of  processing  interval  T. 
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DENS 
DEP(S,IB) 

DIS(I) 


DIST 
DT 

FA(S) 

FD(S) 
FIRSTB 

GREEN(L) 
HDW 

HPER 

IB 

IDEM(S) 

IDN(B) 

IFIRST 
INERTQ 

INITB 
INPT(T) 


=  Traffic  density  in  vehicles  per  mile. 

=  Departure  time  (in  seconds  since  the  start  of 
simulation)  of  bus  IB  from  stop  S. 

=  Discharge  headway  from  a  queue  of  stopped 
vehicles  in  second's  (l=l,...,6). 
The  subscript  I  represents  the  position  in 
the  queue  of  the  vehicle  to  be  discharged. 

=  Distance  in  feet  between  two  consecutive  stops. 

=  Processing  interval  in  seconds.   Length  of  the 
time  step  in  which  the  simulation  is  performed. 

=  Sequential  number  of  first  bus  that  arrives  in 
stop  S  during  the  current  simulation  period. 

=  Sequential  number  of  first  bus  that  departs 
from  stop  S  during  current  simulation  period. 

=  First  bus  to  be  considered  in  the  printing  of 
outputs  for  one  simulation  interval. 

=  Green  phase  in  seconds  for  signal  at  link  L. 

=  Headway  between  bus  arrivals  or  departures  in 
seconds . 

=  Half  of  simulation  period  in  seconds  and  fraction. 

=  Identification  number  of  bus  B. 

=  Number  of  vehicles  that  have  arrived  behind 
a  bus  which  has  jointed  a  queue. 

=  Identification  number  of  bus  whose  sequential 
number  is  B. 

=  First  bus  to  be  processed. 

=  Total  starting  queue  delay  or  number  of  seconds 
necessary  to  overcome  inertia  and  set  a  queue 
of  at  least  6  cars  in  motion. 

=  Index  to  designate  first  bus  to  be  considered 
in  the  printing  of  outputs 

=  Traffic  input  to  next  link  in  vehicles  during  processing 
interval  T.  : 
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IP 

IPRO 

IR 

IRAN(I) 

IEN 

IS 


=  Simulation  period  number  (IP  =  1, . .  . ,  NPER) . 
This  is  the  period  of  time  simulated  using 
a  given  set  of  inputs. 

=  Type  of  bus  stop  (IPRO  =  0  ,  unprotected;  IPRO 
1  prot . ) 

=  Bus  route  being  processed  (IR  =  1,...,NR). 

=  Term  that  introduces  random  variability  in 
bus  arrivals  (I  =  1, . . . ,  10). 

=  Integer  random  number.   Random  number  whose 
value  is  an  integer  between  1  and  10. 

=  Sequential  number  of  a  stop  (bus  stop  or  stop 
line)  in  a  link,  IS=1, . . . ,  NBS(L)+1,  where  L 
is  the  link  number. 


ISTART 

JB 

KAP(IR) 


LANEI(l) 

Lane2(L) 

LED (IB) 
LBL(IB) 
LBS (IB) 

LDEN(L) 

LENGTH(L) 
LLOAD(SIR) 


Start  of  simulation  time  in  hours  and  minutes. 

=  Identification  number  of  bus  preceding  bus  IB. 

=  Capacity  of  buses  of  route  IR,  in  number  of 
passengers,  during  current  simulation  period. 

-  Capacity,  in  number  of  buses,  of  the  ISth  bus 
stop  in  link  L. 

=  Link  number  (L=l,...,  NLINK) .   A  link  is  a 

portion  of  roadway  for  one  direction  of  traffic, 
from  a  stop  line  to  the  next  stop  line,  including 
the  upstream  intersection. 

=  Expected  proportion  of  traffic  that  uses  lane 

1  (curb  lane)  at  link  L. 

=  Expected  proportion  of  traffic  that  uses  lane 

2  (next  to  curb  lane)  at  link  L. 

=  Last  departure  time  recorded  for  bus  IB. 

=  Last  link  traveled  by  bus  IB. 

=  Last  stop  reached  by  bus  IB  in  the  last  link 
traveled. 

=  Traffic  density  in  vehicles  per  link  at  the 
end  of  the  last  processing  interval  at  link  L. 

=  Length  of  link  L  in  feet. 

=  Last  time  that  a  bus  of  route  IR  loaded  passengers 
(or  could  have  loaded  them)  at  the  bus  stop  S. 
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LVOL(L) 

MQ 

MTIME 

MVOL(L) 

nb(ir) 
nbs(l) 

NBUS 

NCARS 

NCR(IR) 

NLINK 
NLOAD(lR) 

NNNPL 
NNNHJ 
NNPL(lB) 

NNPMIN  • 

NNPU(lB) 

NNSTIM 
NNWL 

NPER 

NPL(S,IB) 

npmin(s,ir) 


=  Traffic  volume,  in  vehicles  per  hour  turning 
left  from  cross  street  at  intersection  L. 

=  Number  of  vehicles  queued  between  two  buses. 

=  Bus  travel  time  in  seconds. 

=  Traffic  inflow  (or  outflow  if  negative)  in 
-  vehicles  per  hour,  coming  from  midblock  sources 
at  link  L. 

=  Number  of  buses  in  route  IR. 

=  Number  of  bus  stops  in  link  L. 

=  Total  number  of  buses  simulated. 

=  Number  of  cars  discharged. 

=  Number  of  routes  with  passenger  demand  common 
to  route  IR. 

=  Number  of  links. 

=  Expected  number  of  passengers  on  buses  of  route 
IR  during  current  simulation  period  when  the 
buses  arrive  at  the  first  bus  stop. 

=  Total  number  of  passengers  loaded  in  the  period. 

=  Total  number  of  passengers  unloaded  in  the  period. 

=  Number  of  passengers  loaded  accumulated  for 
bus  IB. 

=  Total  passenger  waiting  time  for  the  period  in 
passenger-minutes . 

=  Number  of  passengers  unloaded  accumulated  for 
bus  IB. 

=  Total  service  time  in  the  period,  in  seconds. 

=  Total  number  of  passengers  waiting  to  be  loaded  at 
the  end  of  the  simulation  period. 

=  Number  of  simulation  periods  in  the  simulation 
exercise. 

=  Number  of  passengers  loaded  by  bus  IB  at  stop  S. 

=  Passenger  waiting  time  for  route  IR  at  stop  S, 
accumulated  in  passengers-minutes. 
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NPMINS(S,IR) 
NPMS(S,IR) 

NPU(S,IB) 
NQ 


NR 
NRPL(TR) 

NRPMIN^IR) 

NRPU(IR) 

NRSTIM(lR) 

NS 

NSTIME(IB) 

NT 

NTT 

NWL(lR)' 

OFFSET(L) 

ORIGIN 

OSPEED(IB) 
OVOL(L) 

PER 
PERIOD 


=  Passenger  waiting  time  saved. 

=  Waiting  time  stored,  in  passenger-minutes, 
for  stop  S  and  bus  route  IR. 

=  Number  of  passengers  unloaded  by  bus  IB  at  stop  S. 

=  Number  of  the  queue  processed. 
NQ=1  for  lane  no.  1 
NQ=2  for  lane  no.  2 
NQ=3  for  cross  street. 

=  Number  of  bus  routes. 

=  Number  of  passengers  loaded  accumulated  for 
Route  IR 

=  Waiting  time  in  passenger-minutes  accumulated 
for  route  IR. 

=  Number  of  passengers  unloaded  accumulated  for 
route  IR. 

=  Total  passenger  service  time  accumulated  for 
route  IR. 

=  Number  of  stops  (stop  lines  and  bus  stops)  in 
the  section  of  arterial  street  simulated. 

=  Total  passenger  service  time  in  seconds  accumulated 
for  bus  IB. 

=  Number  of  processing  intervals. 

=  Number  of  processing  intervals  plus  one. 

=  Number  of  passengers  waiting  to  be  loaded  by  Route  IR 
at  the -end  of  the  simulation  period. 

=  Number  of  seconds  counted  from  a  certain  instant 
used  as  a  time  reference  at  link  L. 

=  Origin  of  random  numbers.   Seed  for  starting  their 
computation 

Overall  speed  in  miles  per  hour  of  bus  IB. 

=  Traffic  volume  in  vehicles  per  hour,  coming  from 
the  opposite  direction  at  link  L. 

=  Simulation  period  in  seconds. 

=  Simulation  period  in  minutes . 
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PHASE  =  Current  phase  of  signal  considered  (Code:PHASE= 

1  if  signal  i_s  green;  PHASE=0  if  signal  is  not 
green) . 

PL(S,IR)        =  Expected  number  of  passengers  to  be  loaded  during 

current  period  at  stop  S  by  buses  of  the  route  IR. 

PLOAD(lB)       =  Current  number  of  passengers  carried  on  bus  IB. 

POS(NQ)        =  Position  of  a  vehicle  in  a  queue  of  stopped 

vehicles  (NQ=1,2,3). 

PU(SjIR)       =  Expected  number  of  passengers  to  be  unloaded 

during  current  period  at  bus  stop  S  by  buses 
of  the  route  IR. 

Ql(T)  =  Queue  in  lane  1  (curb  lane),  in  number  of  vehicles, 

at  processing  interval  T. 

QZ(T)  =  Queue  in  lane  2  (next  to  the  curb  lane),  in 

number  of  vehicles,  at  processing  interval  T. 

RAF(l)         =  Factor  selected  at  random  from  a  decile  distribution 

to  be  applied  to  the  lane  distribution. 

RAFl(l)'        =  Random  factor  that  replicates  the  variability 

observed  in  the  number  of  passengers  loaded  and 
unloaded  1=1, ... ,10. 

RAF2(l)        =  Random  factor  that  replicates  the  variability 

observed  in  bus  passenger  service  time  (i-l, . . . ,10) . 

RAF3(l)         =  Random  factor  that  replicates  the  variability 

observed  in  vehicle  queue  length  behind  a  bus 
(1=1,... 10). 

RDT  ^  =  Processing  interval  DT  expressed  in  real  number 

RN  =  Random  number  between  zero  and  one. 

ROUTE(IB)  =  Route  number  of  bus  IB. 

RSPEED(IR)  =  Average  overall  speed  for  route  IR. 

RT(L)  =  Expected  proportion  of  vehicles  in  lane  1 

(curb  lane)  that  turn  right  at  link  L. 

RVOL(L)         =  Traffic  volume,  in  vehicles  per  hour,  turning 

right  from  cross,  street  at  intersection  L. 

S  =  Sequential  number  of  a  stop  (bus  stop  or  stop 

line)  along  the  section  of  the  arterial  street 
simulated.  S=l,...,  NS,  where  NS  is  the  total 
number  of  stops. 
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SDIS(l) 
SN(L,IS) 

SPEED(L) 
STIME(S,IB) 

T 

TBUS 

TD 

TDIS 
TIME 

TTDIS(IB) 
"TTIME 
TTTIME(IB) 
V0L2 

VOLUME  (IP) 


=  Total  time  of  discharge  in  seconds  of  the  Ith 
vehicle  in  a  stopped  queue  (1=1,..., 5). 

=  Sequential  number  S  of  the  ISth  stop  in  link  L, 
along  the  entire  arterial  street  simulated, 
S=1,...,NS  where  NS  is  the  total  number  of  stops. 

=  Average  vehicular  speed, in  feet  per  second,  at 
link  L. 

=  Bus  passenger  service  time  in  seconds.   The 

time  that  it  takes  the  bus  IB  to  service  passengers 
at  stop  S. 

=  Current  processing  interval  (T=l, . . . ,NT) . 

=  Total  number  of  buses  accumulated. 

=  Time  to  discharge  a  certain  number  of  vehicles 
in  seconds. 

=  Travel  distance 

=  Time  in  seconds  since  the  start  of  simulation. 

=  Total  distance  in  feet  traveled  by  bus  IB. 

=  Travel  time 

=  Total  time  traveled  by  bus  IB  in  seconds. 

=  Number  of  vehicles  arriving  in  lane  2  during 
a  certain  period  of  time. 

=  Expected  number  of  vehicles  arriving  at  the 
entry  link  during  simulation  period  IP. 


Subroutines  Called 


TRAFIC,  SIGNAL,  ARRIVE,  GDIS,  LOAD,  GOQ,  RANDOM. 
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SUB  -  Detailed  Flow  Chart 


START 


10* 


READ  AND 

PRINT 

PERMANENT 

INPUTS 


38 


t 


INERTQ  - 
SDIS(6)~ 
5xDIS(6) 


220 


X 


CONVERT  BUS 
ARRIVALS  IN 
SEC  SINCE 
START  OF  SIM- 
ULATION AND 

INTRODUCE 

RANDOMNESS 

IN  THEM  ■ 


230 


ELIMINATE 

ARRIVALS 

WITHIN  ONE 

MINUTE  FROM 

START  OF 

SIMULATION 


2^0 


REARRANGE 
ARRIVALS  IN 

CHRONOLOGICAL 
ORDER  AND 
IDENTIFY 

THEIR  ROUTES 


-J 


250 


280 


/T 


*  Statement  number 
in  program 

FIGURE  39A 


PLACE  ORDER 
OF  ARRIVALS 
OF  BUSES  ON 
A  SEPARATE 
ARRAY 'B 


260 


PLACE  BUS 
STOPS  AND 
STOP 'LINES 
TN  COMMON 
ARRAY 
SN(L,IS) 


265 


X 


FOR  S=l,  NS 

AND  IR=1,NR 

LLOAD(S,IR)= 

LUNL(S,IR)= 

npmin(s,ir)= 
npmins(s,ir)  = 

0 


270 


COMPUTE 
ACCT,  DECT, 
ADELAY,  DDEL 


FOR  L= 
1,NLINK 
LDEN(L)=0 
LQ1(L)=0 
FOR  T=1,NT 
D1(L,T)=0 
D2(L,T)=0 


FIRSTB=1 


FOR  S=1,NS 

FA(S)=0 

FD(S)=0 

LQA(S)=0 

IDEM(F)=0 

LSER(S)=0 


290 


FA(l)=FD(l)=l 


FOR  3=1,NBUS 
TTDIS(B)=0 

mrpmT^yrcri  f  -r>  \      f~\ 

i-li  _1_J.-J.1_J  ^  ±j  J  —  \s 

LBD(B)=0 

LBL(B)-0 

LBS(B)=0 

BPOS(B)=0 

DEP(1,B)=0 

WPL(1,B)=0 

NPU(1,B)=0 

STIME(1,B)=0 

FOR  S=2,NS 

A(S,B)=0 
DSE(S,B)-0 
NPL(S,B)=0 

npu(s,b)=o 

STIME(S,B)=0 


305 


INITIALIZE 

TIME 
VARIABLES 


160 


305 


310  v 


DO  950 


IP=1,NPER 


380 


READ  AND 

PRINT 
PERIOD 
INPUTS 


555  I 


DO  560 


T=1,NT 


CALL  ARRIVE 

[VOLUME  (IP) 

DT,INPT(T)] 


D1(1,T)= 

INPT(T)x 
LANEl(l) 


D2(1,T)= 
INPT(T)- 
D1(1,T) 


560   j 


V 


NEXT  T 


CALL  TRAFIC 


h 


1   I 


FOR  IB= 

1,NBUS 
IR=R0UTE(IB) 
PL0AD(IB)= 

nload(ir) 


565 


FOR  IR=15NR 
MWL(IS)=0 


DO  775 


L=1,NLINK 


DO  77^ 

IS= 

1,NST0P+1 


S=SN(L,IS) 


STOP  LINE 

DO  606 

B=IFIRST, 
NBUS 


IB=IDN(B) 


DETERMINE  ID 
NUMBER  JB  OF 
PREVIOUS  BUS 


FA(S)=B 


607 


582 


-»- 


TIME=A(S,IB) 


V 


TIME-(lP-l)xPER 


DT 


+  1 


0 


FIGURE  39 B 
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609 


INCREASE  QUEUE 
BY  TWO  IN  EACH 
INTERVAL  "WHEN 
BUS  IS  PRESENT 


605 


31 


LBD(IB)= 

DEP(S,IB) 

LBL(IB)=L 

lbs(ib)=is 


COMPUTE  DIST 


BUS  STOP 


610 


i. 


DO  730 

B=IFIRST 

,NBUS 


IB=IDN^B>) 


N 

> 

FA(S)=B 

611 

' 

COMPUTE  DIST 
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->1 


JB=IDN(B-1) 


PREVIOUS 
BUS  IN 


MQ=LQA(S) 


/      FROM 

/     A(S,JB) 

\           TO 

\      fl  (  q    ttA 

617 


V 


COMPUTE  INCR. 

TO  QUEUE  MQ 

BEHIND  BUS 

JB  FOR  CURRENT 

INTERVAL 


583 


0 


IQ=Q1(T) 


CONSTRAINT : 
IQ   DISTANCE 
FROM  STOP  LINE 
TO  UPSTREAM 
STOP 


GREEN 
PHASE 


A(S,IB)= 

A(S,IB)-DDEL 


A(S,IB)  = 
A(S,JB)+2 


"L 


ADEL=0 


A(S,IB)= 
(IP-I)xPER 


DEP(S,IB)= 
A(S,IB) 

ADEL=0 


590 


IT1= 

GREEN(L) 
-BPHASE 


TIME= 
TIME-IT1 


I 


P0S(1)=1 


CALL  QLIS 
(IT1,NCARS) 


IQ=NCARS+IQ 


592 


CALL  GOQ, 
(IQ,TD) 


59^ 


DEP(S,IB)  = 

TIME+TD 


■J 


vj 


DEP(S,IB) 
DEP(S,JB)+2 


TD= 

TD-GREEN(L) 

+INERTQ 


\_ 


ip  TMV- 


TIME+CrcLE(L) 


RED- 
PHASE 


585 


595 


TIME= 

TIME+BPHASE 


600 


\r 


COMPUTE  ADEL 
ACCORDING  TO 
QUEUE  LENGTH 


v- 

0 


FIGURE  39D 
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625 


SUBSTRACT  FROM 
MQ  NUMBER  OF 
VEH.  BYPASSING 
THE  BUS 


ADJUST  MQ 
ACCORDING  TO 
QUEUE  IN 
LANE  2 


626 


-V 


LQA(S)=0 


V 


CALL  GOQ 
(MQ,  TD) 


>' 


A(S,IB)= 
DEP(S,JB) 
+TD+2 


BP0S(IB)=1 


ADJUST 

ARRIVAL  TIME 

ACCORDINGLY 


635 


BPOS(IB): 

BPOS(JB) 
+MQ/2+1 


A(S,IB)= 
A(S,JB)+2 


PREVIOUS 

BUS 

OUT 


650 


v 


COMPUTE  QUEUE 
MQ  FROM  STOP 
LINE  AND  DIS- 
TANCE KQ  FROM 
BUS  STOP  TO 
STOP  LINE 


COMPUTE  MQ 
FOR  NEXT 

PROCESSING 
INTERVAL 


PLACE  SUB- 
SEQUENT TENTA- 
TIVE ARRIVALS 
AT  THE  START 
DF  NEXT  PERIOD 


730 


FIGURE  39 E 
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BUS 
'BUS 


675 


ENTERS 

STOP 


BP0S(IB)=1 


y 


INCREASE  QUEUE 

BY  TWO  IN  EACH 

INTERVAL  WHEN 

BUS  IS 

PRESENT 


680 


685 


PASS. 

SERVICE 


±. 


TIME=A(S,IB) 
IR=R0UTE(IB) 


CALL  LOAD 


687 


±_ 


DEP(S3IB)= 

a(s,ib)+ 

stime(s,ib) 


v  5 


ITI=INTERVAL 
OF  DEP(S,JB) 


k. 


IT2=INTERVAL 
OF  DEP(S,JB) 


X. 


DO  690 
IT=IT1,IT2 


PLACE  REST  OF 

ARRIVALS  AT 

START  OF  NEXT 

PERIOD 


715 


» 


BUS  IB  PASS 

BUS  IJ 

SWITCH  THEIR 

SEQUENTIAL 

NUMBERS 


DEP(S,IB)= 

ITxDT+ 
(IP-I)xPER 


ADEL=ADELAY 


FIGURE    39F 
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LED(IB)= 
DEP(S,IB) 

lbl(ib)=l 

LBS(IB)=IS 


1 


A(S+1,IB)  = 

DEP(S,IB) 


752 


COMPUTE  MTIME 

IN  FUNCTION 

OF  TRAFFIC 

DENSITY 


A(S+1,IB)= 
DEP(S,IB) 

+MTIME 


JB=IDN(B-l) 


a(s+i,ib)= 

A(S+l,JB)+2 


760 


NEXT  B   W- 


76o 


761 


i. 


B=0 


K=FD(S) 


fa(s+i)=pd(s) 


765 


<•/ 


FD(S)=B 


TIME=IPxPER 


->-^ 


DO  773 


IR=1,NR 


NPMINS(S,IR) 
=NPMIN(S,IR) 


HDW=TIME 
•LOAD(S,IR) 


GENERATE  IRN 


y_ 


NL=RAFl(lRN) 
+PL(S,IR)x 
HDW/PER 


V 


NWL(IR)= 

NWL(lR)+NL 


:l 


npmin(s5ir)= 
kpmin(s,ir)+ 

NLxHDW/2 


NEXT   IR 


V 


NEXT   IS 


608 


775 


K 


->± 


-W   NEXT  L 


776 


V 


PRINT 
OUTPUTS 


Y 


FOR  S=1,NS 
AND   IR=15NR 

npmin(s,ir)= 
npmins(s,ir) 

-NPMIN^SjIR) 


\f 


NEXT 


IP 


f  END  J 
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c 
c 

SUBROUTINE  TRAFIC(L) 
C      -MACROSCOPIC  SIMULATION  OF  TRAFFIC  FOR  ONE  DIRECTION  IN  TWO  LANES 
C      -OF  A  BLOCK  OF  AN  URBAN  ARTERIAL,  IN  ORDER  TO  REPRESENT  TRAFFIC 
C      -VOLUMES,  TRAFFIC  DENSITIES  AND  VEHICULAR  QUEUES 

INTEGER  PER,  DT,  TIME,  T,  TT   ; 

INTEGER-  CYCLE,  GREEN,  ADVG,  PHASE.,  BPHASE 

INTEGER  RVOL,  OVOL 

INTEGER  DEN,  Dl,  D2 ,  D3 ,  Ql ,  02 ,  03,  QD 

INTEGER  TRAV,  POS,  CHANGE,  VOL,  TDM,  TDS 

REAL  LENGTH,  LANE1,  LANE 2, .LI 

DIMENSION  QD{3) 

COMMON  IP,  LL,NLINK,  PER,  NPER,  DT ,  TIME,  T,  NT 

COMMON  /SI/  CYCLE(5),  GREEN ( 5  J , ADVG( 5 ) ,  0FFSETI5) 

COMMON  /S2/  PHASE,  BPHASE 

COMMON  /TV1/  LENGTH(5),  SPEED(5),  LV0L(5),  RV0L(5),  0V0L(5) 

COMMON  /TV2/  MV0L(5),  LANEK5),  LANE2(5),  LT(5),  RT(5) 

COMMON  /TP1/  DIS(6),  P0S(3),  NQ,TDL(3) 

COMMON  /TP2/  QK150),  Q2(150),  01(5,150),  D2(5,150),  DEN(150) 

COMMON  /TP3/  LDEN(5)r  LQK5),  LQ2(5),  INPT(150);  LAST;  NTT 

COMMON  /RNi/  RAF  (10),  RAFK10),  RAF2(10) 
C 

C      -INITIALIZE  POSITION  IN  QUEUE  OF  FIRST  VEHICLE  DISCHARGED  AND 
C      -TIME  TO  DISCHARGE  LEFT  FROM  PREVIOUS  TIME  , PERIOD 

DO  10  I  =  It  3 

POS( I)  =6  * 

TLD  =  0 
10  CONTINUE^ 

C      -INITIALIZE  TIME  AND  LEFT  TURN.  VEH.  LEFT  FROM  PREVIOUS  INTERVAL 

TL  =  0. 

LEFT  =0 
C 
C      -COMPUTE  MEAN  VOLUME  FROM  OPPOSITE  DIRECTION  DURING  GREEN  INT. 

AOVOL  =  OVOL(L)  *  GREEN(L)  /  CYCLE(L) 
C      -CHECK  IF  THIS  IS  THE  LAST  LINK 

IF  (NLINK  -  L)  30,  30,  20 
C      -COMPUTE  MIDBLOCK  TRAFFIC  DEMAND  PER  TIME  INTERVAL  FOR  NEXT  LINK 
20  RMVOL  =  MV0L(L+1) 

RNT  =  NT 
C      -COMPUTE  MEAN  TRAVEL  TIME  FOR  NEXT  LINK  IN  TIME  PERIODS 

RDT  =  DT 
'  DMB  =  RMVOL  *'  RDT  /  3600. 

TRAV  =  LENGTH(L+1)  /  ( SPEED ( L+l )*RDT )  +  0.5 
C 
C      -CHECK  IF  THERE  IS  A  TRAFFIC  SIGNAL 

30  IF  (CYCLE(D)  40,  40,  90 
C      -THERE  IS  NO  SIGNAL  -  QUEUES  =  ZERO,  DISCHARGE  =  DEMAND 
C      -PROCESS  EACH  TIME  INTERVAL 

168 


C      -IN  MIN,  NO.  OF  PERIODS,  PROCESSING  INTERVAL  IN  SEC,  START  OF 
C      -SIMULATION  TIME  IN  HOURS  AND  MINUTES 

READ(1,20)  ORIGIN,  NLINK,  PERIOD,  NPER,  DT ,  ISTART 
20  FORMAT! 16,  12,  14,  12,  13,  14) 

WRITE(3,25)  ORIGIN,  DT 
25  F0RMAT(9X,  26H0RIGIN  OF  RANDOM  NUMBERS  :  ,  16, 
1  28H    -   PROCESSING  INTERVAL  :   ,  12  //) 
C      -EXPRESS  SIMULATION  PER.  IN  SEC  $  PROCESSING  INTERVAL  AS  REAL  NO. 
PER  =  PERIOD  *  60 
RDT  =  DT 

HPER  =  FLOAT(PERIOD  )  /  2. 
C 

C      -READ  QUEUE  DISCHARGE  HEADWAYS,  AVERAGE  PASSENGER  CAR  AND  BUS 
C      -LENGTH  IN  FT,  BUS  TRAFFIC  FACTOR,  BUS  ACCELERATION  AND  DECEL. 
C      -RATES,  MPH/SEC,  BUS  NORMAL  CRUISING  SPEED,  MPH,  AND  BUS 
C      -AVERAGE  DELAY  AT  FIRST  BUS  STOP 

READ(1,30)  (DIS(I),  I  =  1,6),  CLEN,  BLEN,  BTF,  BACC,  BDECBNCRU, 
1  DELAY 
30  F0RMAT(6F4. 1,  2F5.1,  4F4.1,  14) 

WRITE(3,35)  (DIS(I),  I  =  1,  6),  CLEN,  BLEN,  BTF,  BACC,  BDECBNCRl 
1  ,  DELAY 
35  FORMAT! 14X,  27HQUEUE  DISCHARGE  HEADWAYS  =   ,  6F4.1  //  7X,  3HCAR, 

1  9H  LENGTH  =  ,  F4.0,  18H  FT    BUS  LENGTH  =  ,  F4.0,  9H  FT.   BUS, 

2  I5H  TRAF.  FACTOR  =  ,  F4.1  /  7X,  19HBUS  ACCELERATION  =   ,  F4.1, 

3  -29H  MPH/SEC  -  BUS  DECELERATION  ^   ,  F4.1,  8H  MPH/SEC  /  7X, 

4  22H6US  CRUISING  SPEED   =   ,  F3.0,  24H  MPH     -     AVERAGE  BUS  , 

5  9H  DELAY  =   ,  14,  4H  SEC  /) 

C      -COMPUTE  SUM  OF  DISCHAGE  HEADWAYS  AND  TOTAL  STARTING  QUEUE  DELAY 
SDISt 1)  =  DIS(l) 
DO  37  I  = .2,  5 
SDIS(I)  =  SDIS(I-I)  +  DIS(I) 
37  CONTINUE 

INERTQ  =  SDIS(5)  -  5.  *  DIS(6)  +  0.5 
C 

C      -READ  PASSENGER  SERVICE  TIME  PARAMETERS 
READ(1,40)  AA,  BB,  CC ,  DD 
40  F0RMAT(4F5.2) 

WRITE(3,45)  AA,  BB,  CC,  DD 
45  F0RMAT(7X,  21HSERVICE  TIME  IN  SEC  =  ,F5.2,  2H  +  ,F5.2,  5H  PL  +  , 

1  F5.2,  5H  PU  -  ,  F5.2,  13H  PL.PU  +  DEV.  /) 
C 

C      -READ  EXPECTED  NUMBER  OF  VEHICLES ' ARR I V ING  IN  FIRST  LINK  IN  ONE 
C      -HOUR  FOR  EACH  SIMULATION  PERIOD 

READ(1,50)  (VOLUME(IP)  ,  IP  =  1,  NPER) 
50  FORMAT ( 1316) 

WRITE(3,55) 
55  F0RMAT(7X,  22HTRAFFIC  DEMANDS,  VPH  :  ) 

K  =  NPER  •  : 

Kl  =  1  ' 

57  IF  (K  .LE.  8)  GO  TO  65 

K2  =  Kl  +  7 

WRITE(3,60)  (VOLUME(  IP).,  IP  =  Kl,  K2) 
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60  F0RMAT(7X,  817) 
Kl  =  Kl  +  8 
K  =  K  -  8 
GO  TO  57 
65  K2  =  Kl  +  K  -  1 

WRITE(3,60)  (VOLUME(IP),  IP  =  Kl,  K2) 
C 

C      -READ  NUMBER  OF  BUS  ROUTES  AND  NUMBER  OF  BUSES  IN  EACH  ROUTE 
READ<1,70)  NR,  (NB(IR),  IR  =  1,  NR) 
70  FORMAT( 12,  2613) 
C 

C      -FOR  EACH  LINK,  READ  LINK  NUMBER,  LENGTH  OF  LINK  IN  FT,  NUMBER  OF 
C      -BUS  STOPS,  DISTANCE  FROM  STOP  LINE  TO  BUS  STOPS,  CAPACITY  OF 
C      -BUS  STOPS  AND  TYPES  OF  BUS  STOPS 
WRITE(3,75) 
75  FORMAT(///  7X ,  37HLINK   LENGTH    BUS  STOP  NO.  1     BUS   , 

1  28HST0P  NO.  2     BUS  STOP  NO.  3  /  8X,  14HN0.    FEET      , 

2  51HDIST   CAP   TYPE    DIST   CAP   TYPE    DIST   CAP   TYPE  / 

3  22X,  3(  9HFEET   BUS  ,  9X )  //) 
DO  90  L  =  1,  NLINK 

READ(1,80)  L,  LENGTH(L),  NBST,  (DBS(L,IS),  KBS ( L, I S ) , I PRO( L, I S ) , 

1  IS  =  It  NBST) 
80  F0RMATU2,  F5.0,  12,  3  ( F5  .0,  2  12  ) ') 
NBS(L)  =  NBST 

WRITE ( 3 ,85 )  L,  LENGTH(L),  (D3S(L,IS),  KBS(LtIS)t  IFRu(L,IS), 
1  IS  =  It  NBST) 
85  F0RMAT(8X,  12,  F7.0,  3(4X,  F5.0,  14,  15)) 
90  CONTINUE^ 
C  .  • 

WRITE (3,100; 
100  F0RMAT(//11X,49HEXPECTED  BUS  ARRIVALS  TO  FIRST  STOP  LINE  IN  HOURS 
ItlOH  C  MINUTES  //  7X,  5HR0UTE,  10X,  10HARRIVALS  :  /) 
C   .    -PROCESS  EACH  BUS  ROUTE 

DO  160  I  =  1,  NR 
C      -READ  BUS  ROUTE  AND  ARRIVAL  TIMES  TO  FIRST  STOP  IN  HOURS  £  MINUTE 
K  =  NB(  I)        • 
Kl  =  1 
110  IF  (K  .LE.  19)  GO  TO  120 
K  =  K  -  19 
1  =  1 

K2  =  Kl  +  18 

READ(1,115)  IR,  (ARRUR,IB),  IB  =*K1,  K2) 
115  FORMATt 12,  1914) 
Kl  =  Kl  +  19 

IF  (I  -  IR)  125,  110,  125      - 
120  K2  =  Kl  +  K  -    1  * 

READ(1,115)  IR,  (ARR(IR,IB),  IB  =  Kl,  K2 ) 
IF(  I  -  IR)  125t  135,  125.  " 
125  WRITE(3,130)  IR    ' 

130  FORMATt///  7X,  30H-**  BUS  ARRIVAL  CARD  FOR  ROUTE  ,  12, 
1  13H  OUT  OF  PLACE  ///) 
STOP 
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135  K  =  NB(  I  ) 

Kl  =  1 
140  IF  (K  .LE.  12)  GO  TO  150 

K  =  K  -  12 

K2  =  Kl  +  11 

WRITE(3,145)  IR,  (ARR(IR,IB),  IB  =  Kl,  K2) 
145  FORMAT*   8X  ,  I3»  IX,  1215) 

Kl  =  Kl  +  12 

GO  TO  140 
150  K2  =  Kl  +  K  -  1 

WRITE(3,155)  IR,  (ARR(IR,IB),  IB  =  Kl,  K2) 
155  FORMAT.*  8X,  13,  IX,  12  15   ) 

WRITE(3,157) 
15  7  FORMAT*/) 
160  CONTINUE 

C 

WRITE(3,165) 
165  FORMAT* //21X,  38HPERCENT  OF  BUS  COMMON  PASSENGER  DEMAND/) 
C 
C      -PROCESS  EACH  ROUTE 

DO  200  IR  =  1,  NR 
C      -READ  COMMON  PASSENGER  DEMAND  BETWEEN  THIS  ROUTE  AND  THE  OTHERS 
READ(1,170)  IR,  NCC,  (C0M(1R,I),  I  =  1,  NCC) 
170  FORMAT(2I2,  1914) 
NCR( IR)  =  NCC 
WRITE (3, 175)  IR 
175  FORMAT*/  7X ,  14HBETWEEN  ROUTE  ,  12  /  ) 
DO  180  I  =  1,  NCC 
KR* I )  =  COM( IR,I )  /  100 

KL*I)  =  (COM(IR,I)  -  COM(IR,I)  /  100  *  100)  /  10  *  10 
KU(I)  =  (COM(IRiI)  -  COM(IR,I)  /  10  *  10)  *  10 
180  CONTINUE 

WRITE(3,185)  (KR(I),  I  =  1 ,  NCC  ) 
185  FORMAT* 10X,  12HAND  ROUTES  :  ,  17(1X,I2)) 

WRITE(3,  190)  (KL(I),  I  =  1,  NCC) 
190  FORMAT*/  7X,  15HG0MM0N  LOADING  ,  17*  IX,  12)) 

WRITE(3,195)  (KU'(I),  I  =  1,  NCC) 
195  FORMAT* 7X,  15HC0MM0N  UNLOAD.  ,  17*  IX,  12)) 
200  CONTINUE 
C 
C      -CONVERT  START  OF  SIMULATION  TIME. INTO  SECONDS 

ISTARS  =  ISTART/100-3600  +  (ISTART  -  I  START/ 100* 100 )  *  60 
C      -CONVERT  BUS  ARRIVALS  TO  TIME  IN  SEC  SINCE  THE  START  OF  SIMULATIC 
C      -INTRODUCE  RANDOMNESS  IN  ARRIVALS  AND  PLACE  THEM  IN  ONE  ARRAY 
NBUS  =  0 

DO  240  IR  =  1,  NR 
NBB  =  NB( IR) 
DO  240  IB  =  1,  NBB  - 

NBUS  =  NBUS  +1     / 

CALL  RANDOM (RN) 

IRN  =  RN  *  10,  +  1. 

A(1,NBUS)  =  60*(ARR( IR, IB)/100*60  +  (ARR(IR,IB)  - 
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1  ARR( IR,IB) /100-100) )  -  ISTARS  +  DELAY  +  IRAN(IRN) 

ROUTE(NBUS)  =  IR 
C      -ELIMINATE  ARRIVALS  WITHIN  ONE  MINUTE  FROM  START  OF  SIMULATION 

IF  (A(1TNBUS)  .LT.  60)  NBUS  =  NBUS  -  1 
240  CONTINUE 
C  i 

C      -REARRANGE  BUS  ARRIVALS  AND  ROUTE  ARRAY  IN  CHRONOLOGICAL  ORDER 

Kl  =  NBUS  -  1 

DO  250  B  =  It  Kl 

K2  =  B  +  1 

DO  250  J  =  K2,  NBUS 

IF  (A(-ItB)  .LE.  A  (-I*  J))  GO  TO  250 

ITEM  =  A'(li'B) 

A(  1,B)  =  A(ltJ) 

A(1,J)  =  ITEM 

ITEM  =  ROUTE (B) 

ROUTE(B)  =  ROUTE(J) 

ROUTE(J)  =  ITEM 
250  CONTINUE 
C 
C      -ASSIGN  AN  IDENTIFICATION  NUMBER  TO  EACH  BUS  IN  THE  SEQUENTIAL 

C      -ARRAY  AND  PLACE  THE  ID  NUMBERS  ,IN  A  SEPARATE  ARRAY 

DO  260  B  =  1,  NBUS 

IDN(B)  =  B 
260  CONTINUE 
C 
C      -PLACE  STOP  LINES  AND  BUS  STOPS  IN  A  COMMON  ARRAY 

K  =  0 

DO  265  L  =  1,  NLINK  .  •" 

NSTOP  =  VNBS(L)  +  1 

DO  265  IS  =r    1,  NSTOP 

K  =  K  +  1 

SN(L,IS)  =  K 
265  CONTINUE 

NS  =  K 
C 
C      -INITIALIZE  TIME  OF  LAST  LOADING  £  UNLOADING  £  PASS.  WAIT.  TIME 

DO  270  S  =  1,  NS 

DO  270  IR  =  1,  NR 

LLOAD(S, IR)  =  0 

LUNL(StIR)  =0  • 

NPMIN(S, IR)  =  0 

NPMINSt  S, IR )  =0 
270  CONTINUE 
C 
C      -COMPUTE  ACCELERATION  AND  DECELERATION  TIME 

ACCT  =  BNCRU  /  BACC 

DECT  =  BNCRU  /  BDEC '     .  ■ 
C      -COMPUTE  ACCELERATION  AND  DECELERATION  DELAY 

ADELAY  =  0.4  *  ACCT 

DDEL  =  0.4  *  DECT 
C      -CONVERT  BUS  NORMAL  CRUISING  SPEED  TO  FEET  PER  SECONDS 
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BNCRU  =  BNCRU  *  1.467 
C      -COMPUTE  NUMBER  OF  TIME  INCREMENTS  IN  SIMULATION  PERIOD 

NT  =  PER  /  DT 

NTT  =  NT  +  1 
C 
C      -INITIALIZE  TRAFFIC  DENSITY,  VEHICULAR  QUEUES  AND  TRAFFIC  DEMAND 

DO  2  80  L  =  It  NLINK 

LDEN(L)  =  0 

LQKL)  =  0 

LQ2(L)  =  0 

DO  280  T  =  1,  NT 

Dl  (L,T)  =  0 

D2(L,T)  =  0 
280  CONTINUE 
C 
C      -INITIALIZE  SEVERAL  BUS  PARAMETERS 

FIRSTB  =  1 

DO  290  S  =  1,  NS 

FA(S)  =  0 

FD(S)  =  0 

LQA(S)  =0 

IDEM(S)  =  0 

LSER(S)  =  0 
290  CONTINUE 

I  H  \    1  /   —   J. 

FD(1)  =  1 

DO  305  B  =  lf  NBUS 
TTDIS(B)  =  0.0 
TTTIME(B)  =  0.0 
LBD(B)  =  Q 
LBL(B)  =  0  / 
LBS(B)  =  0 
BPOS(B)  =  0 
DEP(1,B)  =  0 
NPL(1,B)  =  0 
NPU(1,B)  =  0     ; 
STIME(1,B)  =0 
DO  300  S  =  2,  NS 
A(S,B)  =0 

DEP(S,B)  =  0 
NPL(S,B)  =  0 
NPU(S,B)  =  0 
STIME(S,B)  =  0 
300  CONTINUE 
305  CONTINUE 
C 

c  ... 

C      -INITIALIZE  TIME   VARIABLES 
NH1  =  0  ' 

MINI  =  0 
NH2  =  ISTART  /  100 

MIN2  =  ISTART  -  NH2  *  100 
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c 
c 
c 
c 


c 

c 


-PROCESS    EACH 
DO    950    IP    =     1, 
NH1    =    NH2 
MINI    =    MIN2 
MINT    =    MINI 
NH2    =    NH1    + 
MIN2    =    MOD (MINT, 
WRITE (3,390) 
390    FORMAKlHl, 

1  9H    -    FROM 

2  34HTRAFFIC 

3  33HCYCLF 

4  18H         PHASE 


TIME  PERIOD 
NPER 


+  PERIOD 
MINT  /  60 
60) 
IP,  NH1,  MINI, 

6X,  31 H 

,  12,  1H:,  12, 
SIGNALS  SETTING 
GREEN    ADVANCED 
GREEN   //  ) 


NH2,  MIN2 

FOR.  SIMULATION  PERIOD 
6H   TO    ,12,  111:  ,I2,9H  — 
IN  SECONDS   //  19X,  4HL1NK, 
OFFSET   /  18X,  15HNUMBER 


12, 

//  23.' 

5X, 

LENGTH  , 


40  5 


410 


-PROCESS  EACH  LINK 

DO  415  L  =  1,  NLINK 

-READ  TRAFFIC  SIGNAL  SETTING 

READ(1,405)  IP,  L,  CYCLE(L), 

F0RMAT(2I2,  414) 

WRITE(3,410)  L,  CYCLE(L),  GREEN(L), 

F.0RMAT(20X,  12,  419) 


IN  SECONDS 
GREEN(L),  ADVG(L), 


OFFSET(L) 


ADVG(L),  OFFSET(L) 


C 
C 

C 
C 
C 
C 


C 
C 


WRITE (3, 420) 
420  FORMAT(///  28X,  26HTRAFFIC  SPEEDS  AND  VOLUMES  //  7X,  10HLINK  SPEF 

1  ,  40H   VOLUME  FROM   OPPOS.   MDBLCK     TURNING,  8X,  4HLANE/  7X, 

2  54HNUMBN   MPH    SIDE  ST  VPH   VOLUME   DEMAND   PROBABILITY  .    , 

3  12HDISTRIBUTI0N/  19X,  33HLEFT   RIGHT     VPH      VPH    LEFT  , 

4  20H   RIGHT    ONE     TWO  // ) 

-PROCESS  EACH  LINK 

DO  435  L  =  1,  NLINK 

-READ  PERIOD  &  LINK,  TRAFFIC  SPEED  IN  MPH,  HOURLY  VOLUMES  COMING 

-FROM  THE  RIGHT,  THE  LEFT,  THE  OPPOSITE  DIRECTION  £  MIDBLOK 

-SOURCES,  LEFT  &  RIGHT  TURN  PROBABILITIES  FROM  LANES  2  £  1,  AND 

-TRAFFIC  DISTRIBUTION  BY  LANES 

READ(1,425)  IP,  L,  SPEED(L),  LVOL(L),  RVOL(L),  OVOL(L),  MVOL ( L ) , 
1  LT(L),  RT(L),  LANEKL),  LANE2(L) 
425  F0RMAT(2I2,  F3.0,  415,  4F5.2) 

WRITE(3,430)  L,  SPEED(L),  LVOL(L;, 
1  LT(L),  RT(L),  LANEKL),  LANE2(L) 
430  FORMAT!  8X ,  12,  F6.0,  17,  16,  218, 

-CONVERT  TRAFFIC  SPEED  TO  FEET  PER 

SPEED(L)  =  SPEED(L)  *  1.467 
435  CONTINUE 


RVOL(L),     OVOL(L),    MVOL(L), 

4F7.2) 
SECOND 


-PRINT    HEADINGS    FOR    BUS    PASSENGER    DEMAND 
WRITE (3, 440) 

440    FORMAT (//    7X,50H 

1    16H ~ 


//    30X,20HBUS    PASSENGER    DEMAND    //) 
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C      -READ  TIME  PERIOD,  LINK,  BUS  STOP,  EXPECTED  NUMBER  OF  PASSENGERS 
C      -LOADED  AND  UNLOADED  FOR  EACH  BUS  ROUTE  AND  STOP 

S  =  0 

DO  475  L  =  1,  NLINK 

NBSTOP  =  NBS( L) 

IF  (NBSTOP  .LE.  0)  GO  TO  472 

DO  470  IS .  =  1,  NBSTOP 

S  =  S  +  1 

K  =  NR 

Kl  =  1 
445  IF  (K  .LE.  12)  GO  TO  465 

K  =  K  -  12 

K2  =  Kl  +  11 

READ(1,450)  IPP,  L,  (PL(S,IR),  PU(S,IR),  IR  =  Kl,  K2) 
450  FORMAT(2I2,  2X,  24F3.0) 

Kl  =  Kl  +  12 

IF  {  IP  .EC  IPP)  GO  TO  445 
455  WRITE(3,460)  IP,  L,  IS 

460  FORMAT!//  46H***PASSENGER  DEMAND  CARD  MISPLACED  FOR  PERIOD   ,  12 
1  11H   LINK  NO.        ,  12,  19H   AND  BUS  STOP  NO.    ,  12  //) 

STOP 
465  K2  =  Kl  +  K  -  1 

READ(1,450)  IPP,  L,  (PL(S,IR),  PU(S,1R),  IR  =  Kl,  K2) 

IF  (  IP  .NE.  IPP)  GO  TO  455 
47G  CONTINUE 
472  S  =  S  +  1 
475  CONTINUE 

NS  =  S 

S  =  0 

Kl  =  1 

K  =  NR 
480  K2  =  Kl  +  K 

IF  (K  .GT 

WRITE(3,485)  (IR,  IR  =  Kl,  K2) 
485  FORMAT! /  7X ,  9HBUS  ROUTE,  13,  5(  8H    ROUTE,  13)) 

WRITE(3,490) 
490  F0RMAT(7X,  11HSTP   PL   PU  ,  5(11H      PL   PU)  /  ) 

DO  515  L  =  1,  NLINK 
NBSTOP  =  NBS(L) 

IF  (NBSTOP  .LE.  0)  GO  TO  512 

DO  510  IS  =  1,  NBSTOP 

S  =  S  +  1 

DO  495  IR=  Kl,  K2 

IPL( IR)  =  PL(S,IR) 

IPU(  IR)  =  PU(S,IR) 
495  CONTINUE 

WRITE(3,500)     S,     (IPL(IR),     IPU(IR),     IR    =    Kl,    K2) 
500    F0RMAT(6X,     13,     IX,    6(2I4,3X)) 
510    CONTINUE  ' 

512    S    =    S    +    1 
515    CONTINUE 

IF     (K    .LE.    6)       GO    TO    52.0 
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- 

1 

6) 

K2 

=    Kl 

+    5 

) 

'  IRt 

IR    = 

Kl, 

K  =  K  -  6 

Kl  =  Kl  +  6 
GO  TO  480 
C 

520  CONTINUE 
C      -READ  EXPECTED  LOAD  OF  PASSENGERS  FOR  EACH  ROUTE 
READ(1,525)  J PP ,  (NLOAD(IR),  IR  =  1,  NR  ) 
525  FORMAT( 12,  2613) 

IF  ( IP  .EQ.  IPP)  GO  TO  535 

WRITE<3,530)  IP 
530  F0RMAT(//44H***PASSENGER  LOAD  CARD  MISPLACED  FOR  PERIOD  ,  13  //) 
STOP   ■ 
C      -READ  BUS  PASSENGER  CAPACITY  FOR  EACH  ROUTE 
535  READ(1,525)  IPP,  (KAP(IR),  IR  =  1,  NR) 
IF  (IP  .EQ,  IPP)  GO  TO  542 

WRITE (3, 540)  IP 
540  FORMATt//  45HPASSENGER  CAPACITY  CARD  MISPLACED  FOR  PERIOD  ,  13  // 

STOP 
542  WRITE(3,545) 

545  FORMAT(  ///  25X,31HBUS  PASSENGER  LOAD  AND  CAPAC I TY//29X , 5HR0UTE  , 
1  18H    LOAD    CAPACITY  /  ) 
DO  555  IR  =  1,  NR 

WRITE(3,550)  IR,  NLOAD(IR),  KAP('lR) 
550  F0RMAT(29X,  13,  18,  19) 
555  CONTINUE 
C 

C      -INITIALIZE  VALUES  FOR  TRAFFIC  DEMAND  IN  FIRST  LINK 
DO  560  T  =  1,  NT 
I  VOL  =  VOLUME ( IP) 
CALL  ARRIVEUVOL,  DT ,  NCARS) 
INPT(T)  =  NCARS 

D1(1,T)  =  FLOAT{  INPT(T  )  )  *  LANEK1)  +  0.5 
D2(1,T)  =  INPT(T)  -  D1(1,T) 
560  CONTINUE 
C      -SIMULATE  TRAFFIC  IN  FIRST  LINK 

CALL  TRAFIC(l)   . 
C 

C      -INITIALIZE  PASSENGER  LOAD  IN  BUSES 
DO  565  IB  =  1,  NBUS 
IR  =  ROUTE(IB) 
PLOAD( IB)  =  NLOAD(IR) 
565  CONTINUE 
C      -INITIALIZE  NUMBER  OF  PASSENGERS  WAITING  TO  BE  LOADED 
DO  570  IR  =  1,  NR 
NWL( IR)  =  0  . 
570  CONTINUE 

C  /. 

C  l  • 

C      -PROCESS  EACH  L INK 

DO  775.  L  =  1,  NLINK 

C 

C 
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C      -PROCESS  EACH  STOP 

NSTOP  =  NBS(L)  +  1 

DO  774  IS  =  1,  NSTOP 
C 
C      -IDENTIFY  STOP  NUMBER 

S  =  SN(L,IS) 
C      -IF  NO  BUS  HAS  ARRIVED  IN  THIS  PERIOD,  CHECK  THE  DEPARTURES 

IF  (FA(S)  .LE.  0)  GO  TO  745 
C      -DEFINE  FIRST  TENTATIVE  ARRIVAL  TO  BE  PROCESSED 

IFIRST  =  FA(S) 
C      -CHECK  IF  STOP  IS  A  STOP  LINE  OR  A  BUS  STOP 

IF  ( IS  .LE.  NBS(L)  )  GO  TO  610 
C 

C      -STOP  IS  A  STOP  LINE 
C      -PROCESS  EACH  BUS,  STARTING  WITH  FIRST  ARRIVAL  NOT  PROCESSED 

DO  606  B  =  IFIRST,  NBUS 
C      -DETERMINE  BUS  ID  NUMBER 

IB  =  IDN(B) 

C      -DETERMINE  ID  NUMBER  OF  PREVIOUS  BUS,  IF  ANY 

JB  =  1 

IF  (B  .GT.  1)  JB  =  IDN(B-l) 
C      -IF  BUS  ARRIVED  AFTER  THE  END  OF  PERIOD,  DO  NOT  PROCESS  IT  AND 
C      -DESIGNATE  IT  AS  FIRST  TENTATIVE  ARRIVAL  FOR  NEXT  PERIOD 

IF  (A(S,IB)  .LT.  IP-PER  .AND.  A(S,IB)  .GT.  0)  GO  TO  582 

FA(S)  =  B 

GO  TO  607 
C      -EXPRESS  ARRIVAL  TIME  IN  SEC  AND  IN  NO.  OF  PROCESSING  INTERVALS 

582  TIME  =  A(S,IB) 

T  =  (TIME  -  (IP  -  1)  *  PER)  /  DT  +  1 
C 

C      -IF  THERE  IS  A  QUEUE  IN  THE  FIRST  LANE,  THE  BUS  JOINS  THE  QUEUE 
C      -BUT  THE  QUEUE  AHEAD  OF  THE  BUS  CANNOT  BE  LONGER  THAN  THE 
C  .    -DISTANCE  FROM  THE  UPSTREAM  STOP  TO  THE  STOP  LINE 

IQ  =  QKT) 

IF  (QKT)  ,EQ.  0)  GO  TO  585 

IF  (NBS(L)  .GT..O)  GO  TO  583 

KQ  =  LENGTH(L) 

GO  TO  584 

583  NBSTOP  =  NBS(L) 

KQ  =  LENGTH(L)  -  DBS ( L , NBSTOP ) 

584  IF  (QKT)  .GT.  KQ )  IQ  =  KQ 
C 

C      -DETERMINE  IF  SIGNAL  PHASE  IS  RED  OR  GREEN 
CALL  SIGNAL(L) 

585  IF  (PHASE  .EQ.  0)  GO  TO  595 

C      -PHASE  IS  GREEN  -  CHECK  IF  QUEUE  AT  LANE  ONE  IS  ZERO 

IF  ( IQ  .GT.  0)  GO  JO  590 
C      -QUEUE  IS  ZERO  -  DEPARTURE  TIME  =  ARRIVAL  TIME  -  DEC.  DELAY 

A(S,IB)  =  A(S,IB)  -  INT(DDEL) 
C      -BUSES  CANNOT  PASS  EACH  OTHERS  AT  STOP  LINES 

IF  (  B  .GT.  1  .AND.  A(S,IB)  .LE.  A(S,JB))  A(S,IB)  =  A(S,JB)  +  2 

IF  (A(S,IB)  .LT.  (IP-1)*PER)  A(S,IB)  =  (IP-D-PER 
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c 
c 


c 
c 


c 
c 


c 

c 


c 
c 


DEP(S,IB)  = 
ADEL  =  0. 
GO  TO  605 


A(S, IB) 


-QUEUE  IS  NOT  ZERO  -  BUS  DEPARTS  AFTER  QUEUE  IS  DISCHARGED 
590  IT1  =  GREEN(L)  -  BPHASE 
TIME  =  TIME  -  IT1 
NQ  =  1 
POS(l)  =  1 

CALL  QDIS(  IT1,  NCARS') 
IQ  =  NC.ARS  +  IQ 
592  CALL  GOQ( IQTTD) 
594  DE.P(S,  IB)  =  TIME  +  TD 

.AND.  DEP(S,IB).LE.DEP(S, JB) )DEP(S, IB) 
SIGNAL  PREVENTS  DISCHARGE 

GREENfL  )  )  GO  TO  600 
GREEN(L)  +  INERTQ 
+  CYCLE(L) 


IF(B.GT.l 
-CHECK  IF 
IF(TD  .LT, 
TD  =  TD  - 
TIME  =  TIME 
GO  TO  594 


=  DEP( S, J3)  +  2 


-PHASE  IS  RED  -  BUS  DEPARTS  AFTER  PHASE  ENDS  £  QUEUE  IS  DISCHARGE 
595  TIME  =  TIME  +  BPHASE 
GO  TO  592 


600 


604 


605 


606 


607 


609 


-COMPUTE  ACCELERATION  DELAY 
IF  (  IQ  ,GT.  6)  IQ  =  6 

ADEL  =  ADELAY  *  (1.  -  FLOAT ( I Q ) /6 . ) 
-INCREASE  QUEUE  BY  TWO  IN  EACH  INTERVAL 
IT1  =  W)EP(S,IB)  -  (IP-l)-PER)  /  DT  +  1 
IF  ( IT1  .GT.  NT)  IT1  =  NT 
DO  604  IT  =.*Tt  IT1 
Ql(  IT)  =  Ql(IT)  +  2 
CONTINUE 

-RECORD  LAST  DEPARTURE,  LINK  AND 
LBD( IB)  =  DEP(S, IB) 

L 

IS 
NLINK  .AND.  DEP(S,IB) 


WHEN  THE  BUS  JOINED  IT 


STOP  FOR  BUS  PROCESSED 


LT.  IP*PER)  INITB  =  B 


LBL(IB)  = 
LBS(IB)  = 
IF  (L  .EQ< 
CONTINUE 

-MAKE  FIRST  ARRIVAL  FOR  THIS  STOP  EQUAL  TO  ZERO 
FA(S)  =  0 

-TRANSFER  IF  THIS  IS  THE  LAST  STOP  LINE 
IF  (L  .LT.  NLINK)  GO  TO  609 
IF(FD(S)  .LE.  0)  FD(S)  =   FA(S) 
IF  (INITB  .LT.  NBUS)  INITB  =  INITB  '+  1 
GO  TO  775 

-COMPUTE  DISTANCE  Tp  NEXT  STOP 
DIST  =  LENGTH(L+1) 

IF  (NBS(L+1)  .GT.  0)  DIST  =  DBS(L+1,1) 
GO  TO  745 
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c 
c 


c 
c 
c 
c 


c 
c 


c 
c 

c 
c 


-STOP  IS  A  BUS  STOP  -  PROCESS  EACH  BUS  IDENTIFYING  ITS  ID  NUMBER 
610  DO  730  B  =  IFIRSTs  NBUS 
IB  =  IDN(B) 

IF  (A(S,IB)  .LT.  1P*PER  .AND.  A(S,IB)  .GT.  0)  GO  TO  615 
FA(S)  =  B 

DIST  =  LENGTH(L)  -  DBS(L,IS) 

IF  (IS  .LT.  NBS(L))   DIST  =  DBS(L,IS+1>  -  DBS(L,IS) 
GO  TO  745 

-IF  THIS  IS  THE  FIRST  BUS  THERE  IS  NO  DELAY  CAUSED  BY  PREVIOUS  BU. 
615  IF  (B  .EQ.  1)  GO  TO  650 

-CHECK  -IF  PREVIOUS  BUS  HAS  ALREADY  DEPARTED 
JB  =  IDNt  B-l ) 

IF  (A(S,IB)  .GT.  DEP(S,JB))  GO  TO  650 
-PREVIOUS  BUS  IS  STILL  AT  THE  BUS  STOP 

-COMPUTATION  OF  THE  NUMBER  OF  VEHICLES  QUEUED  BEHIND  PREVIOUS  BUS 
-IF  BUS  STOP  IS  PROTECTED  THERE  IS  NO  QUEUE 
IF  (IPRO(L,IS)  .LE.  0)  GO  TO  617 
GO  TO  630 

-DETERMINE  PERIOD  OF  TIME  IN  WHICH  TRAFFIC  DEMAND  AT  UPSTREAM 
-INTERSECTION  CONTRIBUTES  TO  FORM  THE  QUEUE  BEHIND  THE  BUS 
617  T  =  (A(S,JB)  -  (IP-l)-PER)  /  DT  +  1 

IT3  =  (LENGTH(L)  -  DBS(L,IS))  /  (SPEED(L)  *  RDT)  +  0.5 
IT1  =  T  +  IT3 
IF  (111  . L  E .  0 )  III  =  1 
IT2  =  IT1  +  (A(S,IB)  -  A(S,JB))  /  DT 
IF  ( IT2  .GT.  NT)  IT2  =  NT 

-PICK  UP  QUEUE  LEFT  FROM  PREVIOUS  PERIOD  IF  ANY 
MO  =  LQA(S) 

-INITIALIZE  .'NUMBER  OF  VEHICLES  ARRIVING  IN  LANE  2 
V0L2  =  0 

-ADD  VEHICLES  ARRIVING  DURING  THIS  INTERVAL  TO  QUEUE  IN  LANE  1 
-AND  TO  VEHICLES  ARRIVING  IN  LANE  2 
DO  620  T  =  IT1,  1T2 

-TRANSFER  IF  PROCESSED  INTERVAL  IS  BEYOND  PRESENT  PERIOD 
IF  (T  .GT.  PER  /  DT)  GO  TO  625 
MQ  =  MQ  +  Dl (L,T) 
V0L2  =  V0L2  +  D2(L,T) 

620  CONTINUE 

-TRANSFER  IF  THERE  IS  ONLY  ONE  LANE 
IF  (LANE2(L)  .LE.  0)  GO  TO  630 


62  5 
62  7 


IT3  =  IT2 
GO  TO  627 
IT3  =  T 

-COMPUTE  PROBABILITY  OF  HEADWAYS  EQUAL  OR  GREATER  THAN  5  SEC 
DENOM  =  ( IT3  -  IT1  )  '*  DT  +  1 
P5  =  1. 
RV0L2  =  V0L2 

IF  (V0L2  .GT.  0)  P5  =  1.  /  EXP(5.  *  RV0L2/DEN0M) 
-SUBSTRACT  FROM  QUEUE  NO.  OF  VEHICLES  THAT  COULD  BYPASS  THE  BUS 
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c 
c 


630 


1RN  =  RN  *  10.  +  1. 

MMQ  =  RAF3URN)  *  RV0L2  *  P5  /  2. 
MQ  =  MQ  -  MMQ 

IF  (MO  .  LT.  0)  MO  =  0  ; 

CALL  RANDOM (RN) 

-ADJUST  QUEUE  BEHIND  BUS  ACCORDING  TO  QUEUE  LENGTH  IN  LANE  2 
KQ  =  LENGTH (L  )  -  DBS(L,IS) 
KO  =  KQ  +  2  *  BPOS(JB)  +  MQ 
IDIF  =  Q2.CIT3J  -  KQ 

IF  (IDIF  .GT.  0)  MQ  =  MQ  +  IDIF  /  2 
IF  (IDIF/2  .GT.  MMQ)  MQ  =  MQ  -  IDIF/2  +  MMQ 
-TRANSFER  IF  PROCESSED  INTERVAL  IS  BEYOND  PRESENT  PERIOD 
IF  (T  .GT.  PER/DT)  GO  TO  660 
LQA(S)  =  0 

-CHECK  IF  BUS  CAN  GET  IN  BUS  STOP 

KLBS  =  KBS(L,IS)  -  BPOS(JB) 

IF   (KLBS  .GT.  0  .AND.  2*MQ  .LT.  KLBS)  GO  TO  635 

-BUS  CANNOT  GET  IN  BUS  STOP  -  IT  WILL  WHEN  QUEUE  IS  DISCHARGED 

CALL  GOQ(MQtTD) 

ACS, IB)  =  DEP(S,JB)  +  TO  +  2 

BPOS( IB)  =  1 

-CHECK  IF  SIGNAL  PREVENTS  DISCHARGE 

TIME  =  ACS, IB) 

CALL  SIGNAL(L) 

IF  ((LENGTH(L)  -  DBS(L,IS))  .GE.  MQ  .OR 


A(S,IB)  =  A(S,IB)  +  CYCLE(L)  -  GREEM(L) 


PHASE  .EQ.  1)  GO  TO  635 
+  INERTQ 


63  5 


C 
C 
C 


650 


6  52 
655 


C 
C 


C 
C 
C 


660 


665 


GO  TO  685 

-BUS  CAN  GET  IN  BUS  STOP  -  COMPUTE  ITS  POSITION 
BPOS(IB)  =  BPOS(JB)  +  MQ/2  +  1 

IF  (ACS, IB)."  .LE.  A(S,JB))  ACS, IB)  =  A(S,JB)  +  2 
GO  TO  685 

-PREVIOUS  BUS  HAS  ALREADY  DEPARTED 

-CHECK  IF  QUEUE  FROM  STOP  LINE  PREVENT  BUS  FROM  ENTERING  BUS  STOF 
T  =  (ACS, IB)  -  (.IP-1)*PER)/DT  +  1 
IT1  =  T 

KQ  =  2*KBS(L,IS)  +  INT (( LENGTH ( L )  -  DBS(L,IS))  /  21.) 
MQ  =  Ql (T)  -  IDEM(S) 
IF  (MQ  .LE.  KQ)  GO  TO  675 

-QUEUE  PREVENTS  BUS  FROM  ENTERING'  BUS  STOP  -  CHECK  CONDITIONS  IN 
-NEXT  INTERVAL  SUBSTRACTING  FROM  QUEUE,  ARRIVALS  BEHIND  THE  BUS 
T  =  T  +  1 

IDEM(S)  =  IDEM(S)  +  Dl (L,T) 

-TRANSFER  IF  PROCESSED  INTERVAL  IS' BEYOND  PRESENT   PERIOD 
IF  (T*DT  -  IP*PER)  652,  665,  665 

-PROCESSED  INTERVAL/-IS  BEYOND  THIS  PERIOD 

-SAVE  QUEUE  LEFT  FOR  NEXT  PERIOD 

LQA(S)  =  MQ 

-PLACE  LAST  TENTATIVE  ARRIVAL  AT  THE  BEGINNING  OF  NEXT  PERIOD 

A(S,IB)  =  IP  *  PER 
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C      -MAKE  LAST  BUS  THE  FIRST  TO  ARRIVE  IN  NEXT  PERIOD 

FA(S)  =  B 
C      -PLACE  REST  OF  TENTATIVE  ARRIVALS  IN  THIS  PER  AT  START  OF  NEXT  OK 

KB  =  B 
670  KB  =  KB  +  1 

IB  =  IDN(KB) 

IF  (A(StIB)  .GT.  IP*PER  .OR.  A(S,IB)  .EQ.  0)  GO  TO  730 

A(S,IB)  =  IP  *  PER 

IF  (KB  -  NBUS)  670,  730,  730 

C 

C      -QUEUE  DOES  NOT  PREVENT  BUS  FROM  ENTERING  BUS  STOP 
675  IDEM(S>'  =  0  • 

BPOS( IB)  =  1 
C      -INCREASE  BY  TWO  VEHICLES  THE  QUEUE  IN  THE  INTERVALS  AFFECTED 

DO  680  IT  =  ITlt  T 

OK  IT)  =  QUIT)  +  2 
680  CONTINUE 
C 

C      -GENERATE  NO.  OF  PASSENGERS  LOADED  &  UNLOADED,  AND  COMPUTE 
C      -PASSENGER  SERVICE  TIME 
685  TIME  =  A(S, IB) 
IR  =  ROUTE(IB) 
C      -IF  BUS  DOES  NOT  SERVICE  BUS  STOP  IT  WILL  NOT  STOP 

IF  (PL(S,IR)  .LT.  0  .AND.  A(S,IB)  .GE.  (IP-1)*PER  +  DDEL) 

i  DEP(S,IB)  =  A(S,IB)  -  DDEL 

IF  (PL(S,IR)  .LT.  0.)  GO  TO  687 

CALL  LOAD 
C      -BUS  IS  READY  TO  DEPART  WHEN  PASSENGER  SERVICE  IS  COMPLETED 
687  DEP(StlB)  =  ACS, IB)  +  STIME(S,IB) 

IF  (DEP(S,.IB)  .LT.  A(S,IB))  A(S,IB)  =  DEP(S,IB) 
C 

C      -CHECK  IF  PREVIOUS  BUS  IS  STILL  AT  BUS  STOP 
C   .   -TRANSFER  IF  THIS  IS  THE  FIRST  BUS 

IF  (  B  .EQ.  1)  GO  TO  700 

IF  (DEP(S,IB)  .GT.  DEP(S,JB))  GO  TO  700 
C      -PREVIOUS  BUS  IS! STILL  AT  BUS  STOP 
C      -TRANSFER  IF  THERE  IS  ONLY  ONE  LANE  AND  STOP  IS  UNPROTECTED 

IF  (LANE2(L)  .LE.  0.  .AND.  IPRO(L,IS)  .LE.  0)  GO  TO  695 

IT1  =  (DEP(S,IB)  -  (IP-l)-PER)  /  DT  +  1 

IT2  =  (DEP(S,JB)  -  (IP-1)*PER)  /  DT  +  1 
C      -COMPUTE  DISTANCE  FROM  BUS  STOP  TO  STOP  LINE 

KQ  =  LENGTH(L)  -  DBS(L,IS) 

C      -CHECK  IF  BUS  CAN  PASS  PREVIOUS  BUS 

DO  690  IT  =  IT1,  IT2 
C      -IF  END  OF  PERIOD  IS  REACHED  NO  PASSING  IS  ASSUMED 

IF  (IT*DT  .GT.  IP*PER)  GO  TO  695 
C      -CHECK  IF  QUEUE  IN  ADJACENT  LANE  PREVENTS  PASSING 

IQ  =  FL0AT(Q2( IT))  *'  CLEN 

IF  (IPRO(L,IS)  .EQ.  1)  IQ  =  FLOAT(QKIT))  *  CLEN 

IF  (  IQ  .GE.  KO)  GO  TO  690 

IT3  =  (LENGTH(L)  -  DBS(L,IS))  /  (SPEED(L)  *  RDT) 

I  IT  =  IT  +  IT3 
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c 

c 

c 
c 


690 


695 


700 


710 


C 
C 


715 


C 

c 


720 


730 


C 
C 
C 
C 


C 
C 
C 


IF  (  I  IT  .GT.  NT)  I  I T  =  NT 
-IF  AVEc  GAP  IN  ADJ.  LANE  SMALLER  THAN  2  SEC  NO  PASS.  IS  POSS 1131 

ID  =  D2(L, I  IT) 

IF  (  I  PRO (L,  IS)  .EOc  1)  ID  =  D1(L,IIT) 

IF  (DT/UD+1)  .GT.  2)  GO  TO  715 
CONTINUE 

-BUS  DEPARTS  2  SEC  AFTER  THE  DEPARTURE  OF  PREVIOUS  BUS 

DEP(S, IB)  =  DEP(StJB)  +  2 

-IF  BUS  DEPARTS  AFTER  END  OF  PERIOD,  NEXT  BUS  WILL  BE  FIRST 

-TO  ARRIVE  IN  NEXT  PERIOD 

IF  (DEP(S,IB)  .LT.  IP*PER)  GO  TO-720 

-NEXT  ARRIVALS  HAVE  TO  BE,  AT  LEAST,  AT  START  OF  NEXT  PERIOD 

KB  =  B 

KB  =  .KB ..+  1 

IB  =  IDN(KB) 

IF  (A(S,IB)  .GE.  IP=:=PER  .OR.  A(S,IB)  .EO.  0)  GO  TO  730 

A(S,1B)  =  IP  *  PER 

IF  (KB  -  NBUS)  710,  730,  730 

-BUS  CAN  PASS  PREVIOUS  BUS  -  SWITCH  THEIR  SEQUENTIAL  NUMBERS 
IDN(B-l)  =  IB 
IDN(B)  =  JB 

-COMPUTE  BUS  DEPARTURE  TIME 
DEPiSjIB)  =  IT  *  DT  +  (IP-1}*PEk 

-IF  BUS  DOES  NOT  SERVICE  PASSENGERS  IT  IS  ASSUMED  THAT  THERE  IS 
-NEITHER  ACCELERATION  NOR  DECELERATION  DELAY 

ADEL  =  ADELAY 

IF  (STiME(SrlB)  .GT.  0)  GO  TO  730 

DEP(S, IB)v=,  DEP(S,  IB)  -  INT(DDEL) 

IF  (A(S,IB)"  .GT.  DEP(StlB))  A(S,IB)  =  DEP(S,IB) 

ADEL  =  0. 

CONTINUE 

PA(S)  =  0 


-COMPUTE  DISTANCE  TO  NEXT  STOP 

DIST  =  LENGTH(L)  -  DBS(L,IS) 

IF  (IS  .LT.  NBS(D)  DIST  =  DBS(L,IS+1)  -  DBS(L,IS) 


74  5 


750 


-IF  FIRS 
-FIRST  A 
IF  (FD(S 
IF  (DEP( 
FD(S)  = 
-PROCESS 
IFIRST  = 

LL  =  L 
-SIMULAT 

IF  (  IS 
LL  =  L  + 


T  DEPARTURE  FROM  THIS  STOP  IS  ZERO  AND  DEPARTURE  TIME  OF 

RRIVAL  IS  NOT  ZERO,  MAKE  FIRST  DEPARTURE  =  FIRST  ARRIVAL 

)  .GT.  0)  GO  TO  750 

S, IFIRST)  .LE.  0)  GO  TO  770 

IFIRST 

EACH  BUS  FROM  F I RST ' DEPARTURE 

FD(S) 

E  TRAFFIC  IN  NEXT  LINK  IF  THIS  IS  A  STOP  LINE 
.LE.  NBS(L) )  GO  TO  751 
1 
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751 


760 


763 


76  5 


770 


call  tkafic(ll) 

DU    7oU    b    =     IFIRST,     ivBUS 
IB    =     I  0  N ( B ) 

-TRANSFER     IF    DEPARTURE     IS    UUTSIOE    CURRENT    PERIOD 
IF     (0EP(S,IB)     .GE.     IP*PER     .UK.    DEP(S,IB)     .LE.     0)     GO     fu     i 
-RECURD    LAST    DEPARTURE,    LINK    AND    STUP    FliR    BUS    PROCESSED 
=    OEP(S,IB) 


^-i 


LbO( IB) 
LB  L  (  I  B ) 
L  ti S (  IB) 
-  CHtCK 
IF     (  uIST 


=  L 
=  IS 

IF  DISTANCE 
. GT .  0. )  GO 


IS  ZERU 

ru  752 


A( S+l ,Ib  )  =  DFP( S,l-) 
GU  TU  7  60 

-COMPUTE  BUS  TENTATIVE  ARRIVAL  TU 
752  T  =  (DtP (S,  IB)  -  (1^-1)*PER)  /  UT 


imEX 
+     1 


STUP    ACC'NUING    TU    DENS  i  I  ■< 


Call  random ( r 

I  RIM    =    RN     *     10 

DENS    =    FLiJATf 

BTS    =    BNCRU    * 

IF     (DENS     .LT. 

IF     (bTS     ..LE.    0)     BTS 

-COMPUTE    BUS    TRAVEL 

MTIME  =  l)  1ST  /  (BTS 

A(  S+l  ,  IB  )  =  DEP(S,H 

-bUStS  DO  MOT  PASS  h 

-IF  ARRIVAL  TIME  IS 

IF  ( a    .LE .  1 )  GO  TU 

JB  =  IDN(B-I) 

IF  ( A( S+l  ,IB)  .LE.  A (S  +  l , JB)  ) 

CUNT  I NUE 

B  =  U 

-IF  FIRST  ARRIVAL  tUR  NEXT  STU 
-UF  FIKST  DEPARTURt  FROM  THIS 
-ARRIVAL  FOR  NEXT  STUP  EQUAL  I" 

IF  (FA(  S+l)   .GT  .  0)  Gil  TU  76b 
K  =  FD(  S) 

IF  (A(  S+1,K  )  .GT.  0)  FA( S  +  l  )  = 
fUi  S)  =  B 


j  ) 

,  +  1. 

)E(M(T  )  )  *  Z64U. 
(235-DENS ) /20b 
30)  BTS  =  BNCRU 
=  0.5 
T  IME 

*  RAF4  (  IRN  )  ) 
)   +  MTIME 
ACH  OTHER 
LFSS  THAN 
76.) 


/  LENGTH (LL) 


+  a  DEL  +  DD EL 


WHEN  MOV ING 

THAT  UF  PREVIOUS 


BUS,    CHRP.  EC  T     I 


A  (  S+  1 ,  I  B  ) 


A(S+1,JB)     +    2 


P     IS    ZERO    AND    ARRIVAL 
STUP     IS    NUT    ZERO,     MAKt 
(J    FIRST    DEPARTURE    FRUM 


FU(S) 


i    -  XT    STi 

I  R  S  T 

H i S    STUP 


WAITING    TIME    TO    EMD    UF     HER  I  i.HJ 


-CO  M  PU  T  E    RE  ft  AIMING    P  A  S  S  E IV  G  E  R 
-IF    THIS     IS     A    BUS    STUP 
IF     (IS     .GT  .    NBS(L  )  )     GO    TU    774 
TIME    =     IP    *    PER 
DU    7  73     IR    =    1 ,    NR 

-SAVt     PASSENGER    WAITING    TIME    FUR    ROUTE    PROCESSED 
NPMINS(  S,  IR)     =     NPM  IN (S, IR) 

-FIND    ELAPSED    TIME    SINCE    LAST    LOADING    (\t    ROUTE    PROCESSti 
HDW    =    TIME    -     LLOAO(S,IR) 

-GENERATE    AM     INTEGER    RANDOM    NUMBER    BETWEEN    ONE    AND    TtN 
CALL    RANDOM  (Riv) 
IRN    =     RN    *     10.     +     1. 
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C      -COMPUTE  NUMBER  OF  PASSENGERS  WAITING  TO  BE  LOADED 

NL  =  RAFHIRN)  *  PL(S,IR)  *  HDW  /  FLOAT(PER)  +  0.5 
IF  (NL  .LT.  0)  NL  =  0 

NWL( IR)  =  NWL( IR)  +  NL 
C      -COMPUTE  AND  ACCUMULATE  WAITING  TIME  IN  PASSENGER-MINUTES 

NPMIN(S,IR)  =  NPMIN(SiIR)  +  (NL  *  INT(HDW)  +  60)  /  120 
C      -WAITING  TIME  CANNOT  BE  LESS  THAN  THAT  SINCE  START  OF  PERIOD 

IF(LLOAD(S,IR)  .GE.  (IP-1)*PER)  GO  TO  773 

NL1  =  RAFHIRN)  *  PUS*  IK)  +  0.5 

IF  (NL1  .LT.  0)  NLl  =  0 
NPWAIT  =  FLOAT (NLl)  *  HPER 

IF  (NPMIN(S, IR)  .LT.  NPWAIT)  NPM  l.N  (  S  »  I  R  )  =NPWAIT 
NWL(IR)  =  NWL(IR)  -  NL  +  NLl 
C 

773  CONTINUE 

774  CONTINUE 
■  775  CONTINUE 

C 

c 

C      -PRINTING  OF  OUTPUTS 
C 

C      -INITIALIZE  PARAMETERS 
776  DO  778  IB  =  1,  NBUS 

NNPL( IB)  =  0 

NNPUt IB)  =  0 

NSTIME( IB)  =  0 

OSPEED( IB)  =  0. 
778  CONTINUE, 
C      -COMPUTE  BUS  TRAVERSAL  SPEED  -  MINIMUM  IS  0.5  FPS 

DO  780  IR  ,=  1,  NR 

NRPL(  IR)  =  .0 

NRPU( IR)  =  0 

NRSTIM( IR)  =  0 

RSPEED( IR)  =  0.0 

BROUTEt IR)  =  0 

NRPMIN( IR)  =  0.0" 

ARPMIN( IR)  =  0.0 
780  CONTINUE 
C 
C      -PRINT  BUS  STATISTICS 

WRITE(3,782) 
782  FORMATdHl,  30X,  17H-  0  U  T  P  U  T'S  -  //32X,15HBUS   STATISTICS//) 

K  «  NBUS  -  FIRSTB  +  1 
Kl  =  FIRSTB 
785  K2  =  Kl  +  6  '_ 

IF  (K  .LT.  7)  K2  =  Kl  +  K  -  1 
N  =  K2  -  Kl  +  1    N  , 
1=0 

DO  783  B  =  Kl,  K2 
IB  =  1DN(B) 
1  =  1  +  1 
IR0( I)  =  ROUTE { IB) 
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783  CONTINUE 

WRITE(3,790)  (IDN(B),  B  =  Kl,  K2) 

790  F0RMAT(7X,16HBUS  NUMBER  :      ,717//) 
WRITE(3,791)  (  IRO( 1  ),  I  =  1,  N) 

791  F0RMAT(7X,  16HR0UTE   NO.  :       ,717) 
C      -CONSIOER  EACH  LINK 

S  =  0 

DO  846  L  =  1,  NLINK 

WRITE(3,792)  L 

792  FORMAT!///  7X,  12H-LINK  NUMBER  ,  13  /) 
NSTOP  =  NBS(L)  +  1 

C 

C      -CONSIDER  EACH  STOP 

DO  845  IS  =  1,  NSTOP 

S  =  S  +  1 
C      -COMPUTE  ARRIVAL  AND  DEPATCTURb  TIMES  IN  HOURS  AND  MINUTES 

NHI  =  ISTART  /  100 

NMI  =  ISTART  -  NHI  *  100 

1  =  0 

DO  795   B  =  Kl,  K2 
1=1+1 
IB  =  IDN(B) 

IF  (DEP(S,IB)  .LE.  0)  GO  TO  793  ' 
IF  (DEP(S,IB)  .LT.  IP*PER  .AND,  DEP(S,IB)  .G  E.  (  I  P-l )  *PER  )  GOTO  79^- 

793  MHA( 1 )  =  0 
MMA( I)  -  0 
MHD( I)  =  0 
MMD(I)  =  0 
INPL( I)  =  0 
INPU( I )  =  .0 
ISTIME(I)  =.' 0 
GO  TO  795 

794  MINT  =  NMI  +  (A(S,IB)  +  30)  /  60 

MHA( I)  =  NHI  +  MINT  /  60 

MMA{ I )  =  MOD (MI  NT, 60) 

MINT  =  NMI  +  (DEP(S,IB)  +  30)  /  60 

MHD( I)  =  NHI  +  MINT  /  60 

MMD( I)  =  M0D(MINT,60) 

INPL( I)  =  NPL(S,IB) 

INPU(  I)  =  NPU(S,IB) 

ISTIMEt I)  =  STIME(S»IB) 

795  CONTINUE 
C 

C      -CHECK  IF  THIS  IS  A  BUS  STOP  OR  A  STOP  LINE 
IFUS  .EQ.  NSTOP)  GO  TO  805 

WRITE(3,800)  IS 
800  FORMATt //7X,' 12HBUS  STOP  NO. ',  13/) 

GO  TO  815 
805  WRITE(3,810) 
810  F0RMAK/7X,  9HST0P  LINE/) 
815  WRITE (3,81 7)  (MHA(I),  MMA(I),  I  =  1,  N) 

817  F0RMAT(7X,  12HARRIVAL  TIME,  5X,  7(14,  1H:,  12)) 
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IF  (IS  .EQ.  NSTOP)  GO  TO  837 

WRITE(3,820)  (INPLU),  I  =  1,  N) 
820  F0R.MATI-7X,  12HPASS.  LOADED,  5X,  717) 

WRITE(3,822)  (INPU(I),  I  =  1,  N) 
822  F0RMAT(7X,  17HPASS.  UNLOADED     ,  717) 

NRITE(3,825)  (ISTIME(I),  I  =  1,  N) 
825  F0RMAT(7X,  17HSERVICE  TIME,  SEC  ,  717) 
C 

C      -ACCUMULATE  STATISTICS  PER  BUS 
830  DO  835   B  =  Kl,  K2 

IB  =  IDN(B) 

IFtDEPfS,  IB)  .GE.  IP*PER  .OR.  DEP(S,IB)  .LT.  ( I P-l )*PER ) GO  TO 

NNPL(B)  =  NNPL(B)  +  NPL(S,IB) 

NNPU(B)  =  NNPU(B)  +  NPU(S,IB) 

NSTIME(B)  =  NSTIME(B)  J-  STIMF/C,IB) 
83  5  CONTINUE 

837  WRITE (3,840)  (MHD(l),  MMD ( I ) ,  I  =  1,  N) 
840  FORMAT (7X i  17HDEPARTURE  TIME     ,  7(14,  1H: ,  12)) 

IB  =  IDN( Kl ) 

IF  (DEP(S,IB)  .GT.  IP*PER)  GO  TO  848 

845  CONTINUE 

846  CONTINUE 
C 

C      -COMPUTATION  OF  OVERALL  SPEED  OF  EACH  BUS 
848  DO  855  B  =  Kl,  K2 

IB  =  IDN(B) 
C      -COMPUTE  DISTANCE  TRAVELLED  TO  LAST  STOP  REACHED  BY  BUS  IN  FT 

IF  (LBL(  IB)  .LE.  0)  GO  TO  855 

TDIS  =  -LENGTH( 1) 

LL  =  LB,L(  IB) 

IS  =  LBS(  IB.) 

DO  850  L  =  1,  LL 

TDIS  =  TDIS  +  LENGTH(L) 
850  CONTINUE 

TDIS  =  TDIS  -  TTDIS(IB) 

NSTOP  =  NBS(L)  +- 1 

IF  (IS  .LT.  NSTOP  )  TDIS  =  TDIS  -  LENGTH(L)  +  DBS(L,IS) 

TTDIS(IB)  =  TTDIS(IB)  +  TDIS 
C      -COMPUTE  TRAVEL  TIME  IN  SECONDS 

TTIME  =  LBD(IB)  -  DEP(1,IB)  -  INT ( TTTI ME ( I B ) ) 

TTTIME(IB)  =  TTTIME(IB)  +   TTIME- 
C      -COMPUTE  OVERALL  BUS  SPEED  IN  MPH  ' 

OSPEED(B)   =  TDIS  *  0.682  /(TTIME  +  1.) 

IF  (OSPEED(B)  .GT.  BNCRU)  OSPEED(B)  =  BNCRU 
855  CONTINUE     .  x 

C 
C      -PRINT  TOTAL  STATISTICS  FOR  EACH  BUS 

WRITE(3,857)  (NNPL(B),  B.=  Kl,  K2) 
857  FORMAT(//  7X,  17HT0TAL  P.  LOADED    ,  717) 

WRITE(3,860)  (NNPU(B),  B  =  Kl,  K2) 
860  F0RMAT(/7X,  17HT0TAL  P.  UNLOADED  ,  717) 

WRITE(3,862)  (NSTIME(B),  B  =  Kl,  K2) 
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862  FORMAT (/  7X ,  17HTOTAL  S  TIME,  SEC   ,  717) 
WRITE(3,864)  (OSPEED(B),  B  =  Kl,  K2) 

864  FORMAT(/  7X  ,  17HOVERALL  SPEED  MPH   ,  7F7.1) 

C 

K  =  K  -  7 

Kl  =  Kl  +  7 
WRITE (3, 865 ) 

865  FORMAT(lHl) 

IF  (  K  .LE.  0  .OR.   DEP(1,IB)  .LE.  0)  GO  TO  866 

IB  =  IDN(Kl) 

IF  (DEP(1,IB)  .GT.  0)  GO  TO  785 
C 
C 
C      -PRINTING  OF  ROUTE  STATISTICS 

866  WRITE (3,868) 

868  FORMAT(////  32X,  16HR0UTE  STATISTICS  ) 
C      -COMPUTE  TOTAL  STATISTICS  FOR  EACH  ROUTE 
DO  870  . B  =  1,  NBUS 
IB  =  1DN(B) 
IR  =  ROUTE ( IB) 
NRPL(IR)  =  NRPL(IR)  +  NNPL(B) 

NRPU(IR)  =  NRPU(IR)  +  NNPU(B) 

NRSTIM(IR)     =    NRSTIM(IR)     +    NSTIME(B) 

RSPEED(IR)  =  RSPEED(IR)  +  OSPEED(B) 

IF  (OSPEED(B)  .LE.  0.)  GO  TO  870 

BRO'JTE(IR)  =  BROUTE(IR)  +  1.0 
870  CONTINUE 

DO  880  IR  =  1,  NR 

NWL(IR)  =  NRPL(IR)  +  NWL(IR) 

DO  875  S  =  1,  NS 

NRPMIN(IR)  ^  NRPMIN(IR)  +  NPMIN(S,IR) 
875  CONTINUE 

IF  (NRPMIN(IR)  .LE.  0)  GO  TO  877 

IF   (NWL(IR)  .LE.  0)  ARPMIN(IR)  =  HPER 

IF   (NWL(IR)  .LE^  0)  GO  TO  877 

ARPMIN(IR)  =  FLOAT(NRPM  IN{  IR)  )  /  FLOAT ( NWL ( I R ) ) 
877  IF  (BROUTE(IR)  .LE.  0.)  GO  TO  880 

RSPEED(IR)  =  RSPEED(IR)  /  BROUTE(IR) 
880  CONTINUE 
C 
C      -PRINT  ROUTE  STATISTICS 

K  =  NR 

Kl  =  1 
885  K2  =  Kl  +  7 

IF  (K  .LE.  8)  K2  =  Kl  *  K  -  1 

WRITE(3,887)  (IR,  IR  =  Kl,  K2 ) 
887  FORMAT(///  7X,  12HR0UTE  NUMBER  ,  5X,  816) 

WRITE(3,890)  (NRPL(IR),  IR  =  Kl,  K2) 
890  FORMATt/  7X  ,  18HT0TAL  P.  LOADED     ,  816) 

WRITE(3,892)  (NRPU(IR),  IR  =  Kl,  K2) 
892  FORMATt/  7X ,  18HT0TAL  P.  UNLOADED   ,  816) 

WRITE(3,894)  (NRSTIM(IR),  IR  =  Kl,  K2) 
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894  FORMAT!/  7X ,  18HTOTAL  S.  TIME,  SEC  ,  816) 

WR1TE(3,896)  (RSPEED(IR),  IR  =  Kl,  K2) 

896  FORMAT!/  7X ,  18HMEAN  SPEED,  MPH     ,  8F6.1) 

WRITE(3,898)  (NRPMIN(IR),  IR  =  Kl,  K2) 

898  FORMAT!/  7X  ,  18HP.  WAIT.  TIME,;  MIN  ,  816) 

WRITE(3,900)  (ARPMINUR),  IR  =  Kl,  K2) 

900  FORMAT!/  7X  ,  18HMEAN  P  W  TIME,  MIN  ,  8F6.1) 


K  =  K  -  8 

c 
c 
c 

Kl  =  Kl  +  8 

IF  (K  cGT.  0)  GO  TO  885 

-PRINTING  OF  SUMMARY  STATISTICS 
-COMPUTE  SUMMARY  STATISTICS 
NNNPL  =  0 

NNNPU  =  0 
NNSTIM  =  0 
AOSPEE  =  0.0 

TBUS  =  0.0 

NNPMIN  =  0 
AAPMIN  =  0.0 

NNWL  =  0 

DO  910  IR  =  1,  NR 

NNNPL  =  NNNPL  +  NRPL(IR) 

NNWL  =  NNWL  +  NWL (IR ) 

NNNPU  =  NNNPU  +  NRPU(IR) 

NNSTIM  =  NNSTIM  +  NRSTIM(IR) 

AOSPEE  =  AOSPEE  +  RSPEED(IR)  *  BROUTE(IR) 

TBUS  =  VTBUS  +  BROUTEUR) 

NNPMIN  =  NNPMIN  +  NRPMIN(IR) 

910  CONTINUE 

IF  (TBUS  .LE.  0)  GO  TO  911 
AOSPEE  =  AOSPEE  /  TBUS 

911  IF   (NNWL  .LE.  0)  GO  TO  912 

AAPMIN  =  FLOAT(NNPMIN)  /  FLOAT(  NNWL) 

IF  (AAPMIN  .GT.  HPER)  AAPMIN  =  HPER 
C 
C      -PRINT  SUMMARY  STATISTICS 

912  WRITE(3,915)  NNNPL, NNNPU,  NNSTIM,  AOSPEE,  NNPMIN,  AAPMIN 

915  FORMAT!////  31X,  18HSUMMARY  STATISTICS  ///  7X,17HT0TAL  PASSENGERS 

1  ,  8HL0ADED  =  ,  16,  29H   TOTAL  PASSENGERS  UNLOADED  =  ,  16  // 

2  7X,25HT0TAL  SERVICE  TIME,  SEC  =,I6,26H   MEAN  OVERALL  BUS  SPEED, 

3  4HMPH=  ,  F5.1  //  7X,  24'FlPASS  WAITING  TIME,  MIN  =  ,  17, 

4  30H   MEAN  PASS.  WAIT.  TIME,  MIN  =  ,  F5.1  //////) 
C 

C      -CORRECT  INITIAL  PASSENGER  WAITING  TIME  TO  ACCUMULATE  FOR  NEXT* 
C      -PERIOD  ONLY  THE  WAITING  TIME  OCCURRING  IN  THAT, PERIOD 
DO  920  S  =  1,  NS 

DO  920  IR  =  1,  NR 

NPMIN(S,IR)  =  NPMINS(S,IR)  -  NPMIN!S,IR) 
920  CONTINUE 

FIRSTB  =  INITB 
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IF     (FIRSTB     .LE.    0)     FIRSTB    =    1 


c 

c 

950  CONTINUE 

c 

c 

CALL  EXIT. 

END 
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SUBROUTINE  BLOCK 

Purpose  -  To  define  values  that  represent  random  variability. 

Input   -  Entered  with  DATA  statements: 

Random -factors  for  lane  distribution  (RAF),  passenger  arrivals 
(RAFl),  passenger  service  time  (RAF2),  vehicular  queue 
variability  (RAF3),  bus  traversal  speed  variability  (RAF^-), 
and  term  for  bus  arrival  variability  (IRAN). 

Output  -  Transmitted  through  COMMON  storage: 
Same  as  input. 

Subroutines  Called 
None. 


Subroutines  where  BLOCK  is  Used 

Main  program  SUB,  TRAFIC,  LOAD. 
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BLOCK  =  Program  Listing 


C 
C 

C      -SUBPROGRAM  TO  ENTER  DATA  INTO  COMMON  WITH  DATA  STATEMENTS 

BLOCK  DATA 

COMMON  /RN1/  RAF (10) ,RAF1 (10),RAF2(10),RAF3(10),RAF4(10),IRAN(10) 
C      -INPUT  RANDOM  FACTORS  FOR  LANE  DISTRIBUTION 

DATA  RAF  /  0.3,  0,6,  0.8,  0.9,  1.0,  1.,  1.1,  1.2,  1.4,  1.7  / 
C      -INPUT  -RANDOM  FACTORS  FOR  PASSENGER  ARRIVALS 

DATA  RAF1  /  0.5,  0.7,  0.8,  0.9,  1.0,  1.0,  1.1,  1.2,  1.4,  1.7  / 
C      -INPUT  RANDOM  FACTORS  FOR  SERVICE  TIME 

DATA  RAF2  /  0.5,  0.7,  0.8,  0.9,  1.0,  1.0,  1.1,  1.2,  1.4,  1.7  / 
C      -INPUT  RANDOM  FACTORS  FOR  QUEUE  VARIABILITY 

DATA  RAF3  /  0.5,  0.7,  0.8,  0.9,  1.0,  1.0,  1.1,  1.2,  1.4,  1.7  / 
C      -INPUT  RANDOM  FACTORS  FOR  BUS  TRAVERSAL  SPEED  VARIABILITY 

DATA  RAF4  /  0.7,  0.8,  0.9,  0.9,  1.0,  1.0,  1.1,  1.1,  1.2,  1.3  / 
C      -INPUT  TERM  FOR  BUS  ARRIVAL  VARIABILITY 

DATA  IRAN  /  -60,  -30,  -15,  -5,  0,  0,  5,  15,  30,  60  / 

END 
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SUBROUTINE  TRAFIC 

Purpose  -  To  simulate  traffic  in  one  direction  in  two  lanes  of  an  urban 
arterial,  in  order  to  represent  traffic  volumes,  traffic 
densities  and  vehicular  queues. 

Input  -   As  an  argument:   Link  processed  (l). 

Transmitted  through  COMMON  storage: 

Current  simulation  period  (IP),  length  of  processed  link  in 
feet  (LENGTH),  average  vehicular  speed  in  feet  per  second 
(SPEED),  simulation  interval  in  seconds  (DT),  number  of  simula- 
tion intervals  (NT),  number  of  links  (NLINK),  traffic  volumes 
in  vehicles  per  hour  (LVOL,  RVOL,  OVOL,  MVOL),  lane  distribu- 
tion of  traffic  (laNEI,  LANE2),  traffic  demand  or  vehicle 
arrivals  per  simulation  interval  per  lane  (Dl,  D2)  proportion 
of  vehicles  in  lane  1  that  turn  right  (RT),  proportion  of 
vehicles  in  lane  2  that  turn  left  (LT).  Traffic  density  in 
vehicles  per  link  for  the  last  simulation  interval  processed 
(LDEN),  queues  in  number  of  vehicles,  in  each  lane,  for  the 
last  simulation  interval  processed  (LQl,  LQ2),  traffic  signal 
setting  (CYCLE,  GREEN,  ADVG),  discharge  headways  for  a  queue 
of  stopped  vehicles  in  seconds  (DIS). 

Output  -  Transmitted  through  COMMON  storage. 

Traffic  density  in  vehicles  per  link  for  each  simulation 
interval  (DEN),  queues  in  number  of  vehicles  for  each  lane  and 
each  simulation  interval  (Ql,  Q2),  traffic  demand  for  nert  link 
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or  vehicle  arrivals  per  lane  at  the  next  traffic  signal  (Dl,  D2) 

Method  -  This  subroutine  is  a  macroscopic  simulation  of  traffic  moving 
in  one  direction,  in  a  block  of  an  urban  arterial.   The 
simulation  is  performed  at  discrete  steps  separated  by  a  con- 
stant time  interval.   The  length  of  the  simulation  interval 
should  be  chosen  between  5  and  15  seconds. 

Single  vehicles  are  not  identified.  The  subroutine  only  takes 
into  account  the  number  of  vehicles  that  arrive,  depart,  Join 
a  queue  or  leave  it  during  each  time  interval. 

The  block  simulated  is  considered  as  a  link  in  an  open  network 
and  consists  of  an  intersection  and  one  of  its  "main-street" 
approaches.  Vehicle  arrivals  at  the  intersection  comin0-  from 
the  approach  represented,  are  inputted  to  the  subroutine  at 
each  simulation  interval.  The  subroutine  computes,  for  each 
interval,  vehicular  queues,  traffic  density  in  the  link  and 
traffic  demand  for  the  next  link. 

Midblock  travel  time  of  vehicular  traffic  in  general  is  assumed 
to  be  constant  in  this  model.   It  is  computed  from  the  link 
vehicular  speed  (which  is  one  of  the  inputs  of  the  model)  and 
expressed  in  number  of  simulation  intervals.  This  simplifying 
assumption  is  done  because  the  model  is  not  designed  to  simu- 
lated general  traffic  but  only  to  represent  its  effects  on  bus 
traffic . 

If  there  is  no  traffic  signal  at  the  intersection  of  the  link 
considered,  vehicles  are  assumed  to  go  through  the  intersection 
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■unimpeded;  no  vehicular  queues  are  formed.   Traffic  demand  for 
the  next  link  is  made  equal  to  the  demand  at  the  intersection 
represented,  plus  the  vehicles  which  turn  in  from  the  cross 
street  and  from  midblock  sources,  minus  the  vehicles  that  turn 
out  to  the  cross  street.  The  demand  reaches  the  downstream 
intersection  with  a  retardation  equal  to  the  midblock  travel 
time  of  general  traffic  in  the  next  link.  This  demand  is 
distributed  among  the  two  lanes  using  lane  distribution  factors 
included  in  the  inputs  and  a  random  factor  generated  by  the  sub- 
routine.  Arrivals  from  the  cross  street  are  assumed  to  come 
from  a  single  source,  for  simplicity,  and  to  have  a  Poisson 
distribution  with  mean  specified  as  an  input.   Traffic  density 
is  updated  at  each  simulation  interval  by  adding  to  the  number 
of  vehicles  in  the  link,  in  the  previous  interval,  the  traffic 
inf low\  and  subtracting  from  them  the  outflow. 

If  there  is  a  traffic  signal  at  the  intersection,  its  effect 
on  traffic  is  represented.   Only  two  signal  phases  are 
represented:   green  and  non-green.  When  the  signal  is  not 
green,  the  vehicles  that  arrive  at  the  intersection  cannot  go 
through  and  form  queues  or  join  existing  queues.  When  the 
signal  turns  green  the  queues  are  dissipated  according  to 
queue  discharge  laws.  New  arrivals  during  the  green  phase  are 
assumed  to  go  through  the  intersection  unimpeded  if  there  are 
no  queues  in  their  lanes  (and  if  they  do  not  turn  left  against 
opposing  traffic);  otherwise  they  will  join  those  queues. 
Turning  traffic  from  the  cross  street  is  handled  similarly 
but  in  a  more  simplified  fashion.   If  there  is  a  change  of 
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signal  phase  during  one  interval,  the  subroutine  will  split  the 
interval  and  treat  each  of  its  portions  according  to  its  phase. 

When  left  turns  against  opposite  traffic  exist  they  are  pro- 
cessed in  a  very  summary  fashion  because  the  disturbances  that 
they  cause  have  little  influence  on  the  outputs  of  the  model. 
The  group  of  vehicles  that  can  be  discharged  from  the  left-hand 
lane  in  a  simulation  period  are  assumed  to  behave  as  a  single 
vehicle.   The  decision  of  the  group  to  turn  left  is  determined 
"by  a  stochastic  procedure  based  on  the  proportion  of  left  turns 
expected.   If  the  decision  is  affirmative,  the  gap  in  the 
opposing  stream  that  would  be  "accepted"  "by  the  left-turners, 
to  perform  their  maneuver,  is  computed  according  to  the  time 
necessary  to  discharge  those  vehicles.   Then,  a  gap  in  the 
opposing  traffic  is  generated  by  another  random  process,  assum- 
ing an  exponential  distribution  in  those  gaps.   If  the  gener- 
ated gap  is  greater  than  the  acceptable  gap,  the  group  of 
vehicles  "turns";  otherwise  they  have  to  wait  for  the  next  gap. 
If  the  simulation  interval  is  exhausted  before  the  group  of 
vehicles  can  "turn,"  the  procedure  will  be  repeated  in  the 
next  interval.   If  the  signal  permits  "protected"  left  turns, 
the  group  of  left-turners  will  "turn"  freely  when  those  move- 
ments are  allowed.   They  are  also  "permitted"  to  turn  at  the 
end  of  the  green  phase  according  to  a  practice  observed  in 
real  life. 
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TRAFIC  -  Summary  Flow  Chart 
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Variables 


ADVG(lP,L) 


AG 

AOVOL 

BPHASE 

CHANGE 

CYCLE(L) 
DI(L,T) 


D2[hi'V) 

DEN(T) 
DIS(I) 

DMB 

DT 

GAP 
GREEN  (L) 

inpt(t) 


=  Advanced  green:  number  of  seconds  that  the  start  of  the 
green  phase  precedes  the  start  of  the  green  for  the 
opposing  traffic  at  link  L  during  a  simulation 
period  IP. 

=  Acceptable  gap,  in  seconds,  for  a  group  of  left 
turning  vehicles  to  perform  their  maneuver. 

=  Traffic  volume  coming  from  the  opposite  direction  in 
vehicles  per  hour  of  green. 

=  Balance  or  remaining  duration  of  the  current  phase 
of  the  signal  considered,  in  seconds. 

=  Index  to  indicate  change  of  phase  during  simulation 
interval  (CHANGE  -  0,  no;  CHANGE  =  1,  yes) 

=  Cycle  length  in  seconds  of  signal  at  link  L. 

=  Traffic  demand  in  lane  1  (curb  lane)  of  link  L  during 
processing  interval  T.   It  is  measured  by  the  number 
of  vehicles  that  arrive  at  the  intersection  during 
that  processing  interval. 

=  Traffic  demand  in  lane  2  (next  to  curb  lane)  of  link  L 
during  processing  interval  T. 

=  Combined  traffic  demand  from  the  cross  street  to  next 
link  during  the  current  processing  interval,  expressed 
in  vehicles. 

=  Traffic  density  in  vehicles  per  link  at  the  end  of 
processing  interval  T. 

=  Discharge  headway  from  a  queue  of  stopped  vehicles  in 
seconds  (I  =  1,...,  6)  The  subscript  I  represents  the 
position  in  the  queue  of  the  vehicle  to  be  discharged. 

=  Traffic  coming  from  midblock  sources  in  vehicles  per 
processing  interval. 

=  Processing  interval  in  seconds.   Length  of  the  time  step 
in  which  the  simulation  is  performed. 

=  Gap  in  a  traffic  stream,  in  seconds. 

=  Green  phase  in  seconds  for  signal  at  link  L. 

=  Traffic  input  to  next  link  in  vehicles  during  processing 
interval. 
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IP 


IRN 


KEEP 


LANEl(L)- 

LANE2(L) 

LAST 

LDEN(L) 

LEFT 

LENGTH(L) 
LQ1(L) 

LQ2(L) 

LT(L) 

LV0L(IP,L) 

MVOL(L 

NLINK 
NQ 


=  Simulation  period  number  (IP  =  1, . . . ,NPER) . 
This  is  the  period  of  time  simulation  using  a 
given  set  of  inputs. 

=  Integer  random  number.   Random  number  whose 

values  are  one-digit  integers  (IRN  =  0,  1,...,9). 

=  Index  to  indicate  change  of  phase  during  simulation 
•  interval  (KEEP  =  0,  Yes;  KEEP  =  1,  no). 

=  Link  number  (L  =  1, . . . ,  NLINK) 

A  link  is  a  portion  of  roadway  for  one  direction  of 
traffic,  from  a  stop  line  to  the  next  stop  line. 

=  Expected  proportion  of  traffic  that  uses  lane  1 
(curb  lane)  at  link  L. 

=  Expected  proportion  of  traffic  that  uses  lane  2 
(nest  to  curb  lane)  at  link  L. 

=  Last  simulation  interval  processed  in  a  run  of 
TRAEIC  subroutine. 

=  Traffic  density  in  vehicles  per  link  at  the  end  of 
the  last  processing  interval  at  link  L. 

=  Index  to  denote  that  there  are  left  turning  vehicle: 
left  from  the  previous  processing  interval.   (LEFT 
=  0,  no;  LEFT  =  1,  yes) 

=  Length  of  link  L  in  feet. 

=  Queue  in  vehicles  at  lane  1  (curb  lane)  at  the  end 
of  the  last  simulation  period  in  link  L. 

=  Queue  in  vehicles  at  lane  2  (next  to  curb  lane)  at 
the  end  of  the  last  simulation  period  in  link  L. 

=  Expected  proportion  of  vehicles  in  lane  2  (next  to 
curb  lane)  that  turn  left,  at  link  L. 

=  Traffic  volume,  in  vehicles  per  hour,  turning  left 
from  cross  street,  in  sumulation  period  IP  at 
intersection  L. 

=  Traffic  inflow  (or  outflow  if  negative)  in  vehicles 
per  hour,  coming  from  midblock  sources,  at  link  L. 

=  Number  of  links.. 

=  Number  of  the  queue  processed 
NQ  =  1  for  lane  no.  1 
NQ  =  2  for  lane  no.  2 
NQ  =  3  for  cross  street 
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NT 
OFFSET (L) 

OVOL(L) 

PER 

PHASE 

POS(NQ) 

Q1(T) 

Q2(T) 

03 

QD(NQ) 

RAF(I) 

RDT 
RMVOL 
RN 
RNT 

RT(L) 

RVOL(L) 

SPEED(L) 


=  Number  of  processing  intervals. 

=  Number  of  seconds  counted  from  a  certain  instant 
used  as  a  time  reference  base  to  the  start  of  the 
signal  at  link  L. 

=  Traffic  volume,  in  vehicles  per  hour,  coming  from 
the  opposite  direction  at  intersection  L. 

=  Simulation  period  in  seconds. 

=  Current  phase  of  the  signal  considered 

(Code:  PHASE  =  1  if  signal  is  green;  PHASE  =  0 
if  signal  _is  not  green) . 

=  Position  of  a  vehicle  in  a  queue  of  stopped  vehicles 
(NQ  =  1,2,3). 

=  Queue  in  lane  1  (curb  lane),  in  number  of  vehicles 
at  processing  interval  T. 

=  Queue  in  lane  2  (next  to  the  curb  lane) ,  in  number 
of  vehicles,  at  processing  interval  T. 

=  Combined  queue  in  cross  street,  in  vehicles  at  the 
current  processing  interval. 

=  Number  of  vehicles  discharged  from  queue  NQ  during  a 
processing  interval. 

=  Factor  selected  at  random  from  the  decile  distribution 
to  be  applied  to  the  lane  distribution. 

=  Processing  interval  DT  expressed  as  a  real  number. 

=  Midblock  inflow  or  outflow  expressed  as  a  real  number. 

=  Random  number  between  zero  and  one. 

=  Number  of  processing  intervals  expressed  as  a  real 
number. 

=  Expected  proportion  of  vehicles  in  lane  1  (curb  lane) 
that  turn  right  at  link  L. 

=  Traffic  volume,  in  vehicles  per  hour,  turning  right 
from  cross  street  at  intersection  L. 

=  Average  vehicular  speed,  in  feet  per  second,  at 
link  L. 

=  Current  processing  interval  (T  =  1,  NT) . 
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TDL  =     Time  to  discharge  left  from  previous  simulation 

interval  in  seconds. 

TDM  =  Time  to  discharge,  in  seconds,  for  "main" 

street  approach. 

TDS  =  Time  to  discharge,  in  seconds,  for  "side"  or 

cross  street  approach . 

TIME  =  Current  time,  in  seconds,  since  the  start  of  the 

simulation. 

TL  ,  =  Time  left  to  discharge  left-turning  vehicles. 

TRAV   .       =   Mean  vehicular  travel  time  in  next  link  expressed 

in  number  of  processing  intervals. 

VOL  =  Traffic  volume  in  vehicler  per  hour. 


Subroutines  Called 


SIGNAL,  ARRIVE,  QDIS,  RANDOM 


Subroutines  "where  TRAFIC  is  used 


Main  program  SUB 
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TRAFIC  -  Detailed  Flow  Chart 


NO  SIGNAL 


START 


v 


FOR  1=1,3 

pos(i)=6 


10 


v 


TLD=0 
TL=0 
LEFT=0 


AOVOL= 
OVOL(L)x 
GREEN (L) 
/CYCLE (L) 


20 


DMB  = 
MV0L(T+1) 
xDT/3600 


\f 


TRAV= 

LENGTH (L+l)/ 

(SPEED (L+l) 

xDT) 


DEN(T)= 
LDEN(L)+ 

inpt(t)- 

Dl(L,T)- 
D2(L,T) 


->  1 


lden(l)=den(t] 


vol=lvol(l) 
+  rvol(l) 


t 


CALL  arrive 

(V0L,DT,D3) 


inpt(t)  = 

Dl(L,T)  x 
(1-RT(IP,L))+ 

D2(L,T)  x 
(1-LT(IP,L))+ 
D3+DMB 


INPT(T)=0 


60 


T-T=T+TRAV 


v/ 


COMPUTE 

di(l+i,tt)  & 

D2(L+1,TT) 
ACCORDING  TO 
LANE  DIS- 


SIGNAL 


FIGURE  41A. 
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92 


TIME= 
DTx(T-l)+ 
(IP-I)xPER 


\ 


CALL  SIGNAL (L) 


KEEP  =  1 


-^ 

— <yBPHASE:DT    > 

V 

KEEP^O 

i 

■u 

CHANGE= 
1-KEEP 

\ 

' 

COMPUTE 
TDM,TDS 

■ 

' 

vol=lvol(l) 
+rvol(l) 

I 

CALL  ARRIVE 
(VOL?DT,D3) 

N 

f 

Q1(T)=LQ1(L) 
+Dl(L,T) 

-rr 

Q2(T)=LQ2(T) 
+D2(L,T) 


QP(1)=0 

QD(2)=0 
POS(l)=0 
P0S(2)=0 
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NQ=1 


110 


Y 


CALL  QIjIS 
(TDM,QD(l)) 


120 


FIGURE  41B 


li 


QD(1)=Q1(T) 
P0S(1)=6 
TDL(1)=0 


QJD(2)=Q2(T) 
P0S(2)=6 
TDL(2)=0 


lUO 


IPOS= 
P0S(2)+1 


sf 


CALL  QPIS 
(TDM,QD(2)) 
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AG=DIS(IP0S) 
4^D(2)+2 


KK=BPHASE+ 
ADVG(L)x2 

GREEN (L) 


AVOL= 
0.75xAOVOL 


TDM+TL 


GENERATE  EN 


GAP= 

ln(rn)x36oo 

AVOL 


KK= 
GREEN (L) 
ADVG(L) 


TL= 
TL-GAP 


FIGURE  41C 
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f~\ 


-A 


^e 


y 


QD(2)=0 

P0S(2)=0 
LEFT(l)=l 

TDL(2)=0 


Q(3)=0 
pos(3)=o 


CALL  QDIS 
(TDS,QL(3)) 


Y 

222 


250 


230 


QD(3)=Q3 


2^0 


y 


POS(3)=6 

TLD(3)=0 


211 


250 


A 


Q1(t)= 

Q1(T)-0JD(1) 

Q2(T)= 
Q2(T)-QD(2) 

Q3= 

Q3-QD(30 


Y 


IP  THERE  ARE 
TWO  QUEUES 

ADJUST  THEIR 
DIFFERENCE 

WHEN 
EXCESSIVE 


255 


LQ1(L)=Q1(T) 
LQ2(L)=Q2(T) 


->* 


den(t)=lden(l) 
+impt(t)- 

QD(1)-QD(2) 


lden(l)=den(t; 


inpt(t)= 

QD(l)x 
(l-RT(L)) 
+QD(2)x 
(1-LT(L)}+ 
QD(3)+DMB 


COMPUTE 
Dl(L+l?TT)x 
D2(L+1,TT) 
ACCORDING  TO 

LANE  DIS- 
TRIBUTION AND 
RAF(l) 


FIGURE  4  ID 
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TRAPIC  =  Program  Listing 


C 
C 

SUBROUTINE  TRAFIC(L) 
C      -MACROSCOPIC  SIMULATION  OF  TRAFFIC  FOR  ONE  DIRECTION  IN  TWO  LANE' 
C      -OF  A  BLOCK  OF  AN  URBAN  ARTERIAL,  IN  ORDER  TO  REPRESENT  TRAFFIC 
C      -VOLUMES,  TRAFFIC  DENSITIES  AND  VEHICULAR  QUEUES 

INTEGER  PER,  DT,  TIME,  T,  TT 

INTEGER.  CYCLE,  GREEN,  ADVG,  PHASE.,  BPHASE 

INTEGER  RVOL,  OVOL 

INTEGER  DEN,  Dl ,  D2  ,  D3 ,  Ql ,  02,  Q3 ,  QD 

INTEGER  TRAV,  POS,  CHANGE,  VOL,  TDM,  TDS 

REAL  LENGTH,  LANE1,  LANE2,  LT 

DIMENSION  QD(3) 

COMMON  IP,  LL,NLINK,  PER,  NPER,  DT ,  TIME,  T,  NT 
.  COMMON  /SI/  CYCLE(5),  G  REEN  (  5  )  ,  ADVG  (  5  )  ,  0FFSET(5) 

COMMON  /S2/  PHASE,  BPHASE 

COMMON  /TV1/  LENGTH(5)f  SPEED(5),  LV0L(5),  RV0L(5),  0V0L(5) 

COMMON  /TV2/  HVOL  (5  )  ,  LANEK5),  LANE2(5),  LT(5),  RT(5) 

COMMON  /TP1/  DIS(6),  P0S(3),  NQ,'TDL(3) 

COMMON  /TP2/  01(150),  02(150),  Dl(5,150),  D2(5,150),  DEN(150) 

COMMON  /TP3/  LDEN(5),  LQK5),  LQ2(5),  INPT(150),  LAST,  NTT 

COMMON  /KNJ /  RAF (10);  RAFK10),  RAF2(10) 
C 

C      -INITIALIZE  POSITION  IN  QUEUE  OF  FIRST  VEHICLE  DISCHARGED  AND 
C      -TIME  TO  DISCHARGE  LEFT  FROM  PREVIOUS  TIME  , PERIOD 

DO'  10  I  =  li  3 

POS(I)  =  6  * 

TLD  =  0 
10  CONTINUE 

C      -INITIALIZE  TIME  AND  LEFT  TURN.  VEH.  LEFT  FROM  PREVIOUS  INTERVAL 

TL  =  0. 

LEFT  =0 
C 
C      -COMPUTE  MEAN  VOLUME  FROM  OPPOSITE  DIRECTION  DURING  GREEN  INT. 

AOVOL  =  OVOL(L)  *  GREEN(L)  /  CYCLE(L) 
C      -CHECK  IF  THIS  IS  THE  LAST  LINK 

IF  (NL1NK  -  L)  30,  30,  20 
C      -COMPUTE  MIDBLOCK  TRAFFIC  DEMAND  PER  TIME  INTERVAL  FOR  NEXT  LINK 
20  RMVOL  =  MV0L(L+1) 

RNT  =  NT 
C      -COMPUTE  MEAN  TRAVEL  TIME  FOR  NEXT  LINK  IN  TIME  PERIODS 

RDT  =  DT 

DMB  =  RMVOL  *  RDT  /  360  0. 

TRAV  =  LENGTHIL+1)  /  { SPEED ( L+l )*RDT )  +  0.5 
C 
C      -CHECK  IF  THERE  IS  A  TRAFFIC  SIGNAL 

30  IF  (CYCLE(L) )  40,  40,  90 
C      -THERE  IS  NO  SIGNAL  -  QUEUES  =  ZERO,  DISCHARGE  =  DEMAND 
C      -PROCESS  EACH  TIME  INTERVAL 
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NT 

EQUAL 


TO  ZERO 


40  DO  80  T  =  1, 

C      -MAKE  QUEUES 
QKT)  =  0 
Q2(T)  =  0 
C      -COMPUTE  TRAFFIC  DENSITY 

DEN(T)  =  LDEN(L)  +  INPT(T) 
C      -UPDATE  LAST  DENSITY 

LDEN(L)  =  DEN(T) 
C      -CHECK  IF  THIS  IS  THE  LAST 

"IF  (NLINK  -  L)  80,  80,  50 
C      -COMPUTE  TRAFFIC  DEMAND  FROM 
50  VOL  =  LVOL(L)  +  RVOL(L) 

DT,  D3) 


C 

c 
c 

c 
c 


c 
c 
c 


c 
c 


D1(L,T) 


D2(L, T) 


LINK 


SIDE  STREET 


60 


?0 

80 
90 


INPUT  FOR  LINK  L  +  1 
.  -  RT(D)  +  DD2*(  1.  - 

NEGATIVE 

0)  INPT(T )  =  0 

TIME  TO  NEXT  STOP  LINE 


DEMAND  AT  NEXT  INTERSECTION 


IN  LANE  DISTRIBUTION 


LT{ L) )  +  DD3  +  DMB 


CALL  ARRIVE  (VOL 

DD1  =  Dl (L,T) 

DD2  =  D2( L,T) 

DD3  =  D3 

COMPUTE  TRAFFIC 

INPT(T)  =  DD1*(1 

-INPUT  CANNOT  BE 

IF  (INPT(T)  .LT. 

-COMPUTE  ARRIVAL 

TT  =  T  +  TRAV 

-COMPUTE  TRAFFIC 

R INPUT  =  INPT(T) 

-7NTR0DUCF  RANDOMNESS 

CALL  RANDOM { RN ) 

IRN  =  RN  ..*  10.  +  1. 

IF  (LANEKL  +  1)  .GT.  0.5)  GO  TO  70 

FL1  =  LANEKL  +  1)  *  RAF  (IRN) 

DKL+1JT).  =  RINPUT-FL1  +  0.5 

D2(L+1,TT)  =  INPT(T)  -  D1(L+1,TT) 

GO  TO  80 

FL2  =  LANE2(L+1)  *  RAF(IRN) 

D2(L+1,TT)  =  RINPUT*FL2  +  0.5 

D1(L+1,TT)  =  INPT(T)  -  D21L+1.TT) 

CONTINUE 

GO  TO  300 

Q3  =  0 

-THERE  IS  A  SIGNAL  -  COMPUTE  DISCHARGES,  QUEUES,  DENSITIES,  INPUTS 
-PROCESS  EACH  TIME  INTERVAL 
DO  270  T  =  1,  NT 

KT  =  T 

TIME  =  KT  *  DT  -  DT  +  (IP-1)  *  PER 

-FIND  SIGNAL  PHASE  AND  BALANCE  OF  PHASE  AT  THE  START  OF  INTERVAL 

-WHEN  PHASE  =•  1  GREEN  IS  FOR  MAIN  STREET,  OTHERWISE  PHASE  =  0 

CALL  SIGNAL (L) 

-CHECK  IF  PHASE  CHANGED  DURING  TIME  INTERVAL 

KEEP  =  1 

IFCBPHASE  .LE.  DT )  KEEP  =  0 

CHANGE  =  1  -  KEEP 

-COMPUTE  TIMES  TO  DISCHARGE  FOR  THE  MAIN  STREET  AND  SIDE  STREET 
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TDM    =    (DT*KEEP  +  BPHASE*CHANGE  K-PHASE    +    ( DT-BPHASE )*CHANGE* ( 1-PHASf 

TDS    =     (DT*KEEP+BPHASE*CHANGE)*( 1-PHASE)     +    ( DT-BPHASE ) *CHANGE*PHAi 
C  -COMPUTE    TRAFFIC    DEMAND    FROM    SIDE    STREET 

VOL    =    LVOL (L)     +    RVOL(L) 

CALL  ARRIVE  (VOL,  DT,  D3 ) 
C      -  COMPUTE  LENGTH  OF  QUEUE 

QKT)  =  LQKL)  +  D1(L,T) 

Q2(T)  =  LQ2(L)  +  D2(L,T) 

Q3  =  Q3  +  D3 
C      -CHECK  IF  TIME  TO  DISCHARGE  FROM  MAIN  STREET  IS  ZERO 

IF  (TDM  .GT.  0)  GO  TO  100 

QD(1)  -  0 

0D(2)  =  0 

POS(l)  =  0 

P0S(2)  =  0 

GO  TO  200 
C      -CHECK  IF  QUEUE  IN  LANE  1  IS  EQUAL  TO  TRAFFIC  DEMAND 

'  100  IF  (QKT)  .EQ.  D1(L,T))  GO  TO  120 
C      -COMPUTE  QUEUE  DISCHARGE 

NQ  =  1 
110  CALL  QDIS(TDM,QD(1 ) ) 

C      -CHECK  IF  QUEUE  DISCHARGE  IS  GREATER  THAN  OR  EQUAL  TO  QUEUE 

IF  (QD(1)  .LT.  QKT))  GO  TO  130 
C      -MAKE  QUEUE  DISCHARGE  EQUAL  DEMAND 
120  QDC  1)  =  QKT) 

POS(l)  =  6 

TDL(l)  =  0 
C      -CHECK  IF  QUEUE  IN  LANE  2  IS  EQUAL  TO  TRAFFIC  DEMAND 

130  IF  (Q2(T)  .GT.  D2(L,T))  GO  TO  140  ••   . 

QD(2)  =  Q2(T) 

P0S(2)  =  6  ." 

TDL(2)  =  0 
C      -CHECK  IF  QUEUE  IN  LANE  2  IS  ZERO 

IF  (Q2(T))  200,  200,  160 
C      -COMPUTE  QUEUE  DISCHARGE 
140  IPOS  =  P0S(2)  +  1 

IF  ( IPOS  .GT.  6)  IPOS  =  6 

NQ  =  2 
150  CALL  QDIStTDM,  QD(2)) 
C      -CHECK  IF  QUEUE  DISCHARGE  IS  GREATER  THAN  OR  EQUAL  TO  QUEUE 

IF  (QD(2)  .LT.  Q2(T))  GO  TO  160   • 

QD(2)  =  Q2(T) 
C      -CHECK  IF  THERE  ARE  LEFT  TURNS 

160  IF  (LT(L)  .LE.  0.)  GO  TO  210 
C 
C      -THERE  ARE  LEFT  TURNS  -  CHECK  VEHICLES  LEFT  FROM  PREVIOUS  INT   * 

IF  (LEFT  .GT.  0)  GO  TO  170 
C      -GENERATE  A  RANDOM  NUMBER 

CALL  RANDOM (RN) 
C      -COMPARE  RANDOM  NUMBER  WITH  PROBABILITY  TO  TURN  LEFT 

IF  (RN  .GT.  LT(LJ)  GO  TO  200 
C      -CHECK  IF  GREEN  PHASE  ENDED  THIS  INTERVAL 
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c 
c 
c 
c 


c 
c 


170  KK  =  PHASE  #  CHANGE 

IF  (KK  .GT.  0)  GO  TO  200 

-CHECK  IF  AN  ADVANCED  GREEN  PERMITS  PROTECTED  LEFT  TURNS 

KK  -  GREEN(L)  -  ADVG(L) 

IF  (BPHASE  .GT.  KK )  GO  TO  200 

-COMPUTE  ACCEPTABLE  GAP  FOR  CARS  THAT  COULD  BE  DISCHARGED 

QU  =  QD(2) 

AG  =  DIS(  IPOS)  *  OU  +  2. 

-CHECK  IF  OPPOSITE  GREEN  IS  ITS  FIRST  OR  SECOND  HALF 

KK  =  (BPHASE  +  ADVG(D)  *  2  /  GREEN(L) 

IF  (KK  .GT.  0)  GO  TO  175 

-ADJUST-  OPPOSITE  TRAFFIC  DEMAND  ACCORDINGLY 

AVOL  =  1.25  *  AOVOL 

GO  TO  180 
175  AVOL  =  0.75  *  AOVOL 

-INITIALIZE  TIME  LEFT  TO  DJ.-CHARGE  LEFT  TURNING  VEHICLES 
180  RTD  =  TDM 

TL  =  RTD  +  TL 

-GENERATE  A  RANDOM  NUMBER 
190  CALL  RANDOM ( RN ) 

IRN  =  RN  *  10.  +  1. 

-GENERATE  A  GAP 

GAP  =  -ALOG(RN)  *  3  600.  /  AVOL 

-UPDATE  TIME  LEFT  TO  DISCHARGE  A  LEFT  TURNING  VEHICLE 

TL  =  TL  -  GAP 

-COMPARE  GENERATED  GAP  WITH  ACCEPTABLE  GAP 

IF  (GAP  .GE.  AG)  GO  TO  200 

-IF  TIME  LEFT  IS  LESS  THAN  HALF  THE  ACCEPTABLE  GAP,  GENERATE  A  GA 

HAG  =  AG  /  2. 

IF  (Tl>  .GT.  HAG)  GO  TO  190 

QD(2)  =  0    - 

P0S(2)  =  0 

LEFT  =  1 
'   TDL(2)  =  0 

GO  TO  210 

-SET  TIME  LEFT  TO  DISCHARGE  LEFT  TURNING  VEHICLES  EQUAL  TO  ZERO 
200  TL  =  0. 

LEFT  =  0 

-CHECK  IF  TIME  TO  DISCHARGE  FROM  SIDE  STREET  IS  ZERO 
210  IF(TDS  .GT.  0)  GO  TO  220 

0D(3)  =  0 

P0S(3)  =  0 

GO  TO  250 

-CHECK  IF  QUEUE  IN  LANE  3  IS  EQUAL  TO  TRAFFIC  DEMAND 
220  IF  (03  .LE.  D3 )  GO  TO  230 

-COMPUTE  QUEUE  DISCHARGE 

NQ  =  3 

CALL  QDIS(TDS,  QD(3)) 

-CHECK  IF  QUEUE  DISCHARGE  IS  GREATER  THAN  OR  EQUAL  TO  QUEUE 

IF  (QD(3)  .LT.  Q3)  GO  TO  250 

230  QD(3)  =  Q3 
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240 


250 


255 


C 
C 

C 

C 
C 
C 
C 
C 


260 


270 


P0S( 3)  =  6 

TDL(3)  =  0 

-COMPUTE  QUEUE  LENGTHS 

Ql (T)  =  01  (T)  -  QD(1  ) 

Q2(T)  =  Q2(T)  -  QD(2) 

Q3  =  03  -  QD  ( 3  ) 

-IF  THERE  ARE  2  QUEUES 

IQD  =  Ql (T )  - 

IF  (  IABS(  IQD) 

IF  (LANEKL) 
QKT)  =  Q1(T) 
02 (T)  =  02  (T) 
-UPDATE  LAST 


ADJUST  THEIR  DIFFERENCE  WHEN  EXCESSIVE 


Q2(T) 

.LT.  4 

.LE.  0.  .OR. 

-  IQD/ 4 

+  IQD/4 
QUEUE  LENGTHS 


)  GO  TO  255 

LANE2IL) 


LE.  0. )  GO  TO  255 


LQ1 (L)  =  Ol(T) 

LQ2(L)  =  02 (T) 

-COMPUTE  TRAFFIC  DENSITY 

DEN(T)  =  LDEN(L)  +  INPT(T)  -  QD ( 1 )  -  0D(2) 

-UPDATE  LAST  DENSITY 

LDEN(L)  =  DEN(T) 

-CHECK  IF  THIS  IS  THE  LAST  LINK 
IF  (NLINK  .LE.  L)  GO  TO  270 
DD1  =  QD(1 ) 

DD2  =  QD(2)  .  * 

DD3  =  QD(3) 

-COMPUTE  TRAFFIC  INPUT  FOR  LINK  L  +  1 
INPUT)  =  uDi-(i.  -  RT(LI)  +  DD2*(lc  -  LT(LJ) 
-INPUT   CANNOT  BE  NEGATIVE 
IF  (INPT(T)  .LT.  0)  INPT(T)  =  0 
-COMPUTE  ARRIVAL  TIME  TO  NEXT  STOP  LINE 
TT  =  T  +  TRAV 
-COMPUTE  TRAFFIC 
R INPUT  =  INPT(T) 
-INTRODUCE  RANDOMNESS 
CALL  RANDOM (RN) 
IRN  =  RN  *  10.  +  1. 

IF  (LANEKL  +  1)  .GT.  0.5)  GO  TO  260 
FL1  =  LANEKL+1)"*  RAF(IRN) 
D1(L+1,TT)  =  RINPUT*FL1  +  0.5 
D2(L+1,TT)  =  INPT(T)  -  D1(L+1,TT) 

GO  TO  270 

FL2  =  LANE2(L+1)  *  RAF(IRN) 
D2(L+1,TT)  =  RINPUT-FL2  +  0.5      : 
D1(L+1,TT)  =  INPT(T)  -  D2(L+1,TT) 
CONTINUE 

IF  (L  .EQ.  1)  GO  TO  300 

-SAVE  TRAFFIC  DEMAND  COMPUTED  FOR  NEXT  PERIOD 
DO  290  T  =  NTT,  LAST 

NT 

=  D1(L,T) 

:  D2(L,T) 

+  TRAV 


nn5 


DEMAND  AT  NEXT  INTERSECTION 


IN  LANE  DISTRIBUTION 


TT    =    T    - 

D1(L,TT) 

D2(L,TT) 

290 

CONTINUE 

300 

LAST    =    NT 
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RETURN 
END 


SUBROUTINE  SIGNAL 


Purpose 


Input 


Output 


Method 


=  To  compute  the  state  of  any  traffic  signal  in  the  system 
simulated. 

=  As  an  argument:   Link  processed  (L) 
Transmitted  through  COMMON  storage: 

Current  time  in  seconds  since  the  start  of  simulation 
(TIME)  cycle,  green  interval  and  offset  of  signal 
considered  in  seconds  (CYCLE,  GREEN,  OFFSET). 

=  Transmitted  through  COMMON  storage: 

Current  phase  (PHASE  =  1,  green  phase;  PHASE  =  0,  non- 
green  phase)  and  remaining  duration  of  the  current 
phase  in  seconds  (BPHASE)  at  time  "TIME." 

=  For  a  given  time  the  subroutine  computes  the  number  of 
seconds  elapsed  since  a  certain  instant  used  as  time 
reference  base.  Then  it  determines  the  time  passed 
(in  seconds)  since  the  start  of  the  last  green  phase 
in  the  signal  considered.   Using  this  value  as  well 
as  the  cycle  and  green  phase  lengths,  the  subroutine 
identifies  the  state  of  the  signal  and  computes  the 
remaining  duration  of  the  current  phase.  Only  two  phases 
are  considered:   "green"  and  "non-green." 
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VAP  TABLES 

BPHASE       =  Balance  or  remaining  duration  of  the  current  phase  of 
the  signal  considered,  in  seconds. 

CYCLE (L)      =  Cycle  length  in  seconds  of  signal  at  link  L. 

GREEN(L)      =  Green  phase  in  seconds  for  signal  at  link  L. 

IP  =  Simulation  period  number  (IP  =1,  ...,  NPER).   This  is 

the  period  of  time  simulated  using  a  given  set  of 
inputs. 

L  '  =  Link  number  (L  =  1,  ...,  NLINK). 

OFFSET(L)     =  Number  of  seconds  counted  from  a  certain  instant  used 
as  a  time  reference  base  to  the  start  of  the  green 
phase  of  signal  at  link  L,  interval  IP. 

PHASE        =  Current  phase  of  the  signal  considered  (Code:   PHASE  = 
1  if  signal  is  green  and  PHASE  =  0  if  signal  is  not 
green) . 

SEC  =  Time  in  seconds. 

TIME  .       =  Current  time  in  seconds  since  the  start  of  the 

Subroutines  Called 

None 
Subroutines  where  SIGNAL  is  Used 

Main  program  SUB  and  TRAFIC. 
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SIGNAL  -  Detailed  Flow  Chart 


-e 


START 


ll 


SEC= 
TIME+CYCLE  (L )  -  OFFSET  ( L ) 


SEC= 
DMOD (SEC, CYCLE (L)) 


PHASE=1 
BPHASE=GREEN(l)-SEC 


10 


PHASE=0 
BPHASE=CYCLE ( L ) - SEC 


20 


RETIME        He 


->» 


J 


FIGURE    42 
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SIGEAL  =  Program  Listing 


C 
C 


c 
c 


c 
c 


SUBROUTINE  SIGNAL (L) 

-COMPUTATION  OF  TRAFFIC  SIGNAL  STATE 
INTEGER  PER,  DT,  TIME,  T 

INTEGER  CYCLE,  GREEN,  ADVG,  OFFSET,  PHASE,  BPHASE,  SEC 
COMMON  IP,  LL,NLINK,  PER,  NPER,  DT ,  TIME,  T,  NT 
COMMON-  /SI/  CYCLLM5),  GREENT  5  )  ,  ADVG  (  5  )  ,  OFFSET(5) 
COMMON  /S2/  PHASE,  BPHASE 

-COMPUTE  TIME  IN  SECONDS  SINCE  THE  START  OF  THE  GREEN  PHASE- 
SEC  =  TIME  +  CYCLE(L)  -  OFFSET(L) 

-COMPUTE  TIME  IN  SEC  SINCE  THE  START  OF  .THE  LAST  GREEN  PHASE 
SEC  =  MOD (SEC,  CYCLE (L) ) 

-IF  PHASE  IS  GREEN,  MAKE  "PHASE"  =  1,  OTHERWISE  "PHASE"  =  0 
-MAKE  "BPHASE"  =  THE  BALANCE  OF  PHASE  IN  SECONDS 
IF  (SEC  .GE-.  GREEN(D)  GO  TO  10 
PHASE  =  1 

BPHASE  =  GREEN(L)  -  SEC 
GO  TO  20 


O   LI  A  C  C   _ 


BPHASE  = 
20  RETURN 
END 


CYCLE(L) 


SEC 
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SUBROUTINE  ARRIVE 

Purpose  -  To  generate  vehicle  arrivals  during  a  certain  tine  period 

according  to  the  distribution  and  a  known  mean  arrival  rate. 

Input   -  As  arguments: 

Expected  traffic  volume  in  vehicles  per  hour  (IVOL)  and  time 
period  in  which  the  vehicle  arrivals  take  place  (IT). 

Output  -  As  an  argument. 

Number  of  vehicle  arrivals  generated  (NCARS). 

Method  -  For  a  given  time  period  the  subroutine  computes  the  expected 
number  of  vehicle  arrivals.   Then  a  random  number  is 
generated  between  zero  and  one.  Using  the  Poisson  formula 
and  the  expected  number  of  arrivals,  the  probability  of  no 
arrivals  during  the  given  time  period  is  computed.   If  this 
probability  is  greater  than  or  equal  to  the  random  number, 
zero  arrivals  are  generated.   If  the  probability  is  less 
than  the  random  number,  the  number  of  arrivals  considered  is 
incremented  by.  one  unit  and  the  probability  of  the  occurrence 
of  no  more  than  those  arrivals  is  computed  and  compared  with 
the  random  number.   The  process  is  repeated  until  the  cumula- 
tive probability  computed  is  equal  to  or  greater  than  the 
random  number.   Then  the  number  of  vehicle  arrivals  generated 
will  be  the  one  corresponding  to  the  last  cumulative  proba- 
bility compared. 
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VAR  TABLES 

FLOW    -  Traffic  volume  during  a  certain  number  of  seconds 

IT     -  Period  of  time  in  seconds. 

IVOL    -  Traffic  volume  in  vehicles  per  hour. 

NCARS   -  Number  of  vehicles  generated. 

P      -  Probability 

RN     -  Random  number  between  zero  and  one. 

SP      -  Cumulative  probability. 

VOL     -  Traffic  volume  in  vehicles  per  hour. 

Subroutines  Called 

RANDOM 
Subroutines  where  ARRIVE  is  Used 

Main  program  SUB  and  TRAFIC. 


216 


ARRIVE  -  Detailed  Flow  Char 


START 


FLOW= 


IVOLmIT 
3600 


v/ 


NCARS-0 


FIGURE  43 


a 


GENERATE  RN 


V 


r>_, 


-FLOW 


y_ 


SP=P 


X 


KCARS=KCARS+1 


FLOW 
P=P  es: 


NGARS 


V 


SP=SP+P 


20 


RETURN 
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ARRIVE  =  Program  Listing 


C 
C 

SUBROUTINE  ARRIVE  (IVOL,  IT,  NCARS) 
C      -GENERATION  OE  NUMBER  OF  VEHICLES  "NCARS"  THAT  ARRIVE  IN  "IT" 
C      -SECONDS,  AT  RANDOM,  ACCORDING  TO  A  POISSON  DISTRIBUTION  AND  A 
C      -MEAN  ARRIVAL  RATE  OF  (IVOL  X  ID/3600,  WHERE  IVOL  IS  THE 
C      -EXPECTED  TRAFFIC  VOLUME  IN  VEHICLES  PER  HOUR 

VOL  =  IVOL 

TI  .=  IT 
C      -COMPUTE  EXPECTED  NUMBER  OF  ARRIVALS  IN  TIME  "IT"  (IN  SECONDS) 

FLOW  =  VOL  *   TI  /  3600. 

NCARS  =  0 
C      -GENERATE  A  RANDOM  NUMBER 

CALL  RANDOM ( RN ) 
C      -COMPUTE  PROBABILITY  OF  NO  ARRIVALS 

P  =  EXP (-FLOW) 

SP  =  P 
C      -COMPARE  CUMULATIVE  PROBABILITY  WITH  RANDOM  NUMBER 
10  IF  (RN  .LE,  SP)  GO  TO  20 

NCARS  =  NCARS  +  1 

IF  (NCARS  .GE.  IT)  GO  TO  20 
C      -RECOMPUTE  PROBABILITY  USING  RECURSION  FORMULA 
CARS  =  NCARS 
P  =  P  *  (FLOW  /  CARS) 
SP  =  SP  +  P 
GO  TO  10 
20  RETURN 
END 


218 


SUBROUTINE  QDIS 

Purpose  -  To  compute  the  number  of  vehicles  discharged  from  a  queue  dur- 
ing a  certain  period  of  time. 

Input   -  As  an ' argument : 

Period  of  time  to  discharge  the  vehicles  in  seconds  (TD). 

Transmitted  through  COMMON  storage: 

Discharge  headways  from  a  queue  of  stopped  vehicles  in  seconds 
(DIS  (I),  1=1,2,. ..,6). 

Position  that  the  next  vehicle  to  be  discharged  has  in  the 
discharged  queue  (POS(NQ)). 

Time  to  discharge  left  from  the  previous  interval  (TDL(  Q,)). 

Number  of  the  queue  processed  (NQ=1,  2,  3). 

Output  -  As  an  argument: 

Number  of  vehicles  discharged  during  the  period  of  time 
selected  (NCARS). 

Transmitted  through  common  storage: 

Position  that  the  next  vehicle  to  be  discharged  has  in  the 
discharged  queue  (POS(NQ)). 

Time  to  discharge  left  for  next  interval  (TDL(NQ)). 

Method  -  A  vehicle  is  considered  discharged  when  it  moves  past  a  certain 
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point  on  the  road  and  its  entire  length  is  just  beyond  that 
point.   In  a  queue  of  vehicles  the  point  of  discharge  taken  is 
the  position  of  the  front  end  of  the  first  vehicle  in  the  queue 
before  motion  takes  place. 

When  a  queue  of  stopped  vehicles  is  released,  the  incremental 
period  of  time  that  it  takes  each  vehicle  to  go  past  the  point 
of  discharge  is  designated  here  as  discharge  headway.   The 
value  of  this  headway  is  maximum  for  the  first  vehicle  in  the 
queue  (when  it  is  actually  the  total  time  of  discharge  and  not 
a  headway).   Then  it  dimishes  successively  for  each  of  the 
following  vehicles  and  becomes  practically  constant  beyond  the 
6th  or  7th  vehicle. 

It  fellows  that  in  order  to  estimate  the  number  of  vehicles 
that  can  be  discharged  from  a  queue  during  a  certain  period  of 
time,  it  is  necessary  to  know  the  position  that  the  first 
vehicle  to  be  discharged  had  in  the  original  queue  of  stopped 
vehicles. 

This  subroutine  computes  the  number  of  vehicles  that  can  be 
discharged  from  a  queue  during  a  given  period  of  time.   The 
discharge  algorithm  is  based  on  the  discharge  headways  for 
the  conditions  represented  and  the  position  in  the  discharged 
queue  of  the  first  vehicle  to  be  discharged  in  the  period 
considered. 

Since  traffic  simulation  is  performed  in  fixed  time  intervals, 
it  seldom  happens  that  the  time  required  to  discharge  a 
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number   of  vehicles  is  the  exact  length  of  the  interval. 
Usually  the  discharge  of  an  interger  number  of  vehicles  leaves 
a  "remainder"  or  "time  to  discharge  left"  which  is  not  long 
enough  to  discharge  an  additional  vehicle.   If  this  time  left 
is  greater  than  half  of  the  discharge  headway  for  the  next 
vehicle,  this  vehicle  is  discharged  and  the  necessary  addi- 
tional time  is  "borrowed"  or  subtracted  from  the  next  interval 
Otherwise  the  time  left  is  added  to  the  next  interval  for 
discharging  purposes. 
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VARIABIES: 


DIS(I) 


=  Discharge  headway  from  a  queue  of  stopped  vehicles 
in  seconds  (I  =  1,  . ..,6) 

The  subscript  I  represents  the  position  in  the  queue 
of  the  vehicle  to  be  discharged. 


NCARS 


•=  Number  of  vehicles  discharged. 


m 


Number  of  the  queue  processed 
NQ  =  1  for  lane  No.  1 
NQ  =  2  for  lane  No.  2 
NQ,  =  3  for  cross  street 


POS(NQ) 


=  Position  of  a  vehicle  in  a  queue  of  stopped  vehicles. 


TD 


=  Time  to  discharge  in  seconds. 


TDL(NQ) 


Time  to  discharge  left  from  previous  simulation  inter- 
val in  seconds  for  queue  NQ,  (NQ  =  1,  2,  3). 


Subroutines  Called 


None 


Subroutine  where  QJDIS  is  Used 


Main  Program  SUB  and  TPAFIC 
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QDIS  -  Detailed  Flow  Chart 


K=6 


START 


K=POS(NQ 


;t-l 


tdl(nq)=o 


w 


TDL(NQ)= 

tdl(nq)+rtd 


V 


NCARS=  0 


v 


NCARS=NCARS+1 


TDL(NQ)= 
TDL(JJQ)-DIS(K) 


K=K+1 


30 


Y 


POS 


(NQ)  =  K-l  ^— ' 


>' 


f   RETURN    ) 


FIGURE  44 


223 


QDIS  =  Program  Listing 


c  ; 

c 

SUBROUTINE  0DIS(TD,  NCARS) 
C      -SUBROUTINE  TO  COMPUTE  THE  NUMBER  OF  VEHICLES  "NCARS"  DISCHARGED 
C      -FROM  A  QUEUE  IN  TIME  TD,  WHERE  THE  POSITION  IN  THE  STOPPED  QUEUE 
C      -OF  THE  FIRST  VEHICLE  TO  BE  DISCHARGED  WAS  POS(NQ)  +  1 

INTEGER  TD,  POS,  QD 

COMMON  VTP1/  DIS(6),  POS(3),  NQ,  TDL(3) 

K  =  POS(NQ)  +  1 

IF  (POS(NQ)  .LE.  0)  TDL(NQ)  =  0 
C      -ADD  TO  TIME  TO  DISCHARGE  THE  TIME  LEFT  FROM  LAST  INTERVAL 

RTD  =  TD 

TDL(NQ)  =  RTD  +  TDL(NO) 
C      -INITIALIZE  NUMBER  OF  VEHICLES  DISCHARGED  AND  TIME  TO  DISCHARGE 
C      -LEFT 

NCARS  =  0 
10  IF  (  K  .GT.  6  )  K  =  6 
C      -COMPARE  HALF  OF  THE  TIME  TO  DISCHARGE  NEXT  VEHICLE  TO  TIME 
C      -LEFT  TO  DISCHARGE 

HDIS  =  DIS(K)  /  2. 

20  IF  (HDIS  .GE«  TDMNQ))  GO  TO  30 
■C      -IF  A  VEHICLE  CAN  BE  DISCHARGED,  INCREASE  NO.  DISCHARGED  BY  ONE 

NCARS  =  NCARS  +  1 
C      -ADJUST  TIME  00  DISCHARGE  LEFT  AND  VEHICLE  PSAIOION  IN  QUEUE 

TDL(NQ)  =  TDL(NQ)  -  DIS(K) 

K  =  K  +  1  • 

GO  TO  10 
C      -TIME  AVAILABLE  TO  DISCHARGE  IS  UP  -  UPGRADE  POSITION  IN  QUEUE 
30  POS(NQ)  =  K  -  1 

RETURN 

END 
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SUBROUTINE  LOAD 

Purpose  -  To  compute  "bus  passenger  service  time  and  passenger  waiting 
time  at  bus  stops. 

Input   -  Transmitted  through  COMMON  Storage: 

Current  simulation  period  (IP),  "bus  route  processed  (IR), 
current  time  in  seconds  since  the  start  of  simulation  (TIME), 
length  of  the  simulation  period  in  seconds  (PER);  number  of 
passengers  expected  to  be  loaded  and  unloaded  during  the 
simulation  period  (PL,  PU);  constants  of  the  regression 
equation  that  relates  bus  passenger  service  time,  in  seconds, 
to  the  number  of  passengers  loaded  and  unloaded  (Z  =  AA  +  BBX  + 
CCY-DDXY);  passenger  waiting  time  accumulated  in  passengers  - 
minutes  (NPMHm)j  stop  consecutive  number's],  number  of  routes 
with  common  demand  (NCR),  routes  with  common  demand  and 
proportion  that  the  common  demand  is  of  total  demand  (packed 
in  one  variable)  (COM),  passenger  load  in  bus  (PLOAD),  capacity 
of  the  buses  of  each  route  (KAP),  last  time  that  passengers 
were  loaded  and  unloaded  in  each  route  (LLOAD,  LUNL) ,  random 
factors  for  passenger  arrivals  (RAFl(l),  I  =  1,10)  and  service 
time  (RAF2(l),  1=1,10),  random  deviations  for  bus  arrivals 
(IRAN(I),  1=1,10). 

Output   -  Number  of  passengers  loaded  and  unloaded  (NPL,  NPU),  passenger 
service  time  (STIME)   in  seconds,  total  passenger  waiting  time 
in  passengers -minutes  (NPMLN)  per  route. 

Method  -  For  a  given  bus  stop  and  bus  arrival  time,  this  subroutine 

generates  the  number  of  passengers  loaded  and  unloaded  as  well 
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as  passenger  waiting  time  at  the  bus  stop.   This  is  done  as 
follows : 

The  time  elapsed  since  the  arrival  of  the  previous  bus  of  the 
route  considered  is  determined,  and  the  expected  number  of 
passengers  to  be  unloaded  exclusively  by  a  bus  of  the  route 
considered  is  computed  in  function  of  the  time  elapsed  and  the 
unloading  demand  that  only  a  bus  of  this  route  can  satisfy. 
Also  the  bus  routes  that  have  common  unloading  demand  with 
the  route  considered  are  identified.   The  expected  number 
of  passengers  to  be  unloaded,  as  a  result  of  this  common 
demand,  is  also  computed  in  function  of  the  time  elapsed  since 
the  arrival  of  the  last  bus  of  each  of  those  routes  (or  the 
arrival  of  the  previous  bus  of  the  route  considered,  if  this 
happened  more  recently)  and  the  magnitude  of  the  common  demand. 
The  unloading  expectation  produced  by  common  demand  is  added 
to  the  expectation  created  by  exclusive  demand  and  the  sum  is 
multiplied  by  a  stochastic  factor  representing  the  random 
variability  observed  in  real  life.   The  product  is  taken  as  the 
simulated  number  of  passengers  unloaded. 

The  number  of  passengers  unloaded  (which  could  be  zero)  is  then 
subtracted  from  the  number  of  passengers  that  the  bus  carries. 
If  the  difference  is  equal  or  greater  than  the  normal  capacity 
of  the  bus,  no  loading  can  take  place.   Otherwise,  the  number 
of  passengers  loaded  is  generated  by  a  procedure  similar  to 
the  one  described  above. 

Once  the  number  of  passengers  loaded  is  generated,  the  subroutine 
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estimates  the  time  that  those  passengers  have  been  waiting  at 
the  bus  stop.   This  is  done  assuming  that  the  passengers  arrived 
at  the  bus  stop  at  a  moment  exactly  halfway  between  the  arrival 
of  the  bus  that  they  took  and  the  previous  bus  that  would  have 
satisfied  their  loading  demand. 

Expected  bus  passenger  service  time  is  computed  as  a  function 
of  the  number  of  passengers  loaded  and  unloaded  using  a  regression 
equation  developed  from  empriical  observations.  The  simulated 
passenger  service  time  is  obtained  multiplying  the  expected 
time  by  a  stochastic  factor  which  reflects  the  randomness 
observed  in  actual  bus  operation. 


227 


VARIABLES : 


AA 


B 
BB 


CC 


COM(lR,l) 

XX 
Y  • 
Z 

DD 


HDW 

HR 

IFULL 

IP 

IR 
IRN 

KAP(IR) 


=  Independent  term  in  the  equation  Z=AA  +  BBX  +  CCY-DDXY 
which  estimates  the  passenger  service  time  (z)  in 
seconds,  in  function  of  the  number  of  passengers  loaded 
(X)  and  unloaded  (Y). 

=  .  Bus  number  (B  =  1,  . .  '.  ,NB) . 

=  Coefficient  in  the  equation  Z  =  AA  +  BBX  +  CCY-DDXY 
which  estimates  the  passenger  service  time.   (Z)  in 
seconds  in  function  of  the  nunb  er  of  passengers  loaded 
(X)  and  unloaded  (Y). 

=  Coefficient  in  the  equation  Z  =  AA  +  BB  X  +  CCY-DDXY 

which  estimates  the  passenger  service  time  (Z)  in  seconds, 
in  function  of  the  number  of  passengers  loaded  (X)  and 
unloaded  (y). 

=  Common  demand  factors  for  route  IR  (I  =  1,  . . .NCR(lR) ) . 
Packed  integer  variable  XXYZ  where. 

=  Number  of  the  route  with  common  passenger  demand  to 

route  IR. 
=  Proportion  of  common  loading  demand  between  routes,  in 

tenths . 
=  Proportion  of  common  unloading  demand  between  the  routes, 

in  tenths. 

=  Coefficient  in  the  equation  Z  =  AA  +  BB  X  +  CCY-DDXY 

which  estimates  the  passenger  service  time  (Z)  in  seconds 
in  function  of  the  number  of  passenger  loaded  (X)  and 
unloaded  (Y). 

=  Headway  between  bus  arrivals  or  departures  in  seconds. 

=  Bus  route  number  (HR  =  1,  NR). 

=  Index  that  indicates  whether  or  not  the  bus  processed  is 
full  and  no  passengers  can  be  loaded  ( IFULL  =  1,  bus  full; 
IFULL  =  0,  bus  not  full). 

=  Simulation  period  number  (IP  =1,  ...,  NPER).   This  is 
the  period  of  time  simulated  using  a  given  set  of 
input  s . 

=  Bus'  route  number  (IR  =  1,  ...,NR). 

=  Integer  random  number.   Random  number  whose  values  are 
integers  between  zero  and  one. 

=  Capacity  of  buses  of  route  IR,  in  number  of  passengers, 
during  current  simulation  period. 
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LLOAD(S,IR)    =  Last  time  that  a  bus  of  route  IR  loaded  passengers 

(or  could  have  loaded  them)  at  the  bus  stop  S. 

LUNL(SjIR)     =  Last  time  that  a  bus  of  route  IR  unloaded  passengers 

(or  could  have  unloaded  them)  at  the  bus  stop  S. 

LTL  =  Time  elapsed  in  seconds  since  last  actual  or  possible 

loading  of  passengers  of  the  route  processed. 

LTU  =  Time  elapsed  in  seconds  since  last  actual  or  possible 

unloading  of  passengers  of  the  bus  processed. 

=  Number  of  routes  with  passenger  demand  common  to  route 
IR. 

=  Number  of  passengers  loaded  by  bus  IB  at  stop  S. 

=  Total  waiting  time  of  the  passengers  loaded  in  a  bus 
at  a  bus  stop,  in  passengers-minutes. 

=  Passenger  waiting  time  for  route  IR  at  bus  stops  accumu- 
lated in  passengers-minutes. 

=  Number  of  passengers  unloaded  by  bus  IB  at  a  stop  S. 

=  Average  number  of  passengers  on  buses  of  route  IR 

during  current  simulation  period  when  the  buses  arrive 
at  the  first  bus  stop. 

=  Length  of  simulation  period  in  seconds. 

=  Expected  number  of  passengers  to  be  loaded  during 

current  period  at  bus  stop  IS  by  buses  of  the  route  IR. 

=  Current  number  of  passengers  carried  on  bus  B. 

=  Expected  number  of  passengers  to  be  unloaded  during 
-  current  period  at  bus  stop  IS  by  buses  of  the  route  IR. 

=  Random  factor  that  replicates  the  variability  observed 
in  the  number  of  passengers  loaded  and  unloaded  1=1, 
...,  10). 

=  Random  factor  that  replicates  the  variability  observed 
in  bus  passenger  service  time  (i  =  1,  . ..,10). 

S  =  Sequential  number  of  stop  (bus  stop  or  stop  line)  along 

the  section  of  the  arterial  street  simulated.  S  =  1, 
. . . ,NS  where  NS  is  the  total  number  of  stops. 

STIME(S,IB)    =  Bus  passenger  service  time  in  seconds.   The  time  that 

it  takes  to  load  NPL  passengers  and  to  unload  NPU 
passengers  to  bus  IB  at  stop  S. 


NCR(IR) 

NPL(S,IB) 

NPM 

npmin(s,ir) 

npu(s,ib) 

nloab(ir) 

PER 
PL(IS,IR) 

PLOAD(B) 
PU(IS,IR) 

RAFI(I) 
RAF2(I) 
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TIME  =  Current  time,  in  seconds,  since  the  start  of  the  simula- 

tion. 


Subroutines  called 


RANDOM 
Subroutines  where LOAD  is  used 

Main  program  SUB. 
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LOAD  -  Detailed  Flew  Chart 


START 


V 


KPL(S,IB)=0 
NPU(S,IB)=0 


LTL= 

TIME- 

LL0AD(S,IR) 


LTU= 
TIME- 
LUML(S,IR) 


±JU     _LU,X= 


IjNCR(IR) 


" 


HR= 
FIRST  2  DIGITS 
OF  COM(lR,l) 


_ 


HDW  = 
TIME-LUNL(HR) 


-> 


HDW=LTU 


-H 


GENERATE      IR1\' 


v 


COMF= 

^TH  DIGIT   OF 
C0M(IR,I) 


^ 


COMF=10 


V 


MJ= 
RAF(lRN)x 
PU(S,HR)x 
HDWxCOMFx 
O.lOxPER 


V 


NPU(S,IB)= 
NPU(S,IB)+MJ 


10 


NEXT  I 


LUML(IR)=TIME 


PL0AD(IB)= 
PLOAD(IB)- 
NPU(S,IB) 


J 


DO  20,1= 
1,NCR(IR) 


V 


HR= 
FIRST  2  DIGITS 
OF  C0M(IR?I) 


r 


HDW= 

"jvik-LLOadi'-Hk") 


«- 


HDW=LTL 


GENERATE  IRN 


12 


COM?- 

3RD  DIGIT  01 

C0M(IR,I) 


Figure  45A 
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12 


13 


</ 


NL= 
RAFl(lRE")x 
PL(S,HR)x 
HDWxCOMF 
xO.lO/PER 


NPL(S,IB)= 
NPL(S,IB)+HL 


V 


NPM=NLxHDW/2 


20 


1 


NEXT  I 


ko 


npmin(s.,ir)= 

KPMIN(SaIR)+ 

NPM 


pload(ib)= 
pload(ib)+ 
npl(s,ib) 


© 


V 


IFULL=0 


30 


K 


npl(s.ib)=o 


i_ 


IFULL=1 


STIME(S.IB)=0 


GENERATE  IRN 


I 


stime(s,ib)= 

AA+ 

BBxNPL(S,IB)+ 

CCxHFU(S,IB)- 

DDxMPL(S,IB)x 

NPU(S,IB)x 

RAF2(IRN) 


t 


LLOAD(S,IR)= 
LL0AD(SjIR)x 

IFULLx(TIME+ 

stime(s,ir)) 

x(l-IFULL) 


lload(s,ir; 

=IPxPER 


RETURN 


FIGURE  45B 
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LOAD  =  Program  Listing 


INTEGER   ST  I 

INTEGER  HR, 

COMMON' IP,  L 

COMMON  /PP1/ 

COMMON  /PD1/ 

COMMON  /PD2/ 

COMMON  /CD1/ 

COMMON  /PLK/ 

COMMON  /Bl/ 

COMMON  /RN1/ 

c 

c 

-INITIALIZE  1 

c 
c 

SUBROUTINE  LOAD 
C      COMPUTATION  OF  BUS  PASSENGER  SERVICE  TIME  AND  WAITING  TIME 
INTEGER  PER,  DT,  TIME,  T 

,  S,  COM,  B,  PLOAD 
HBS,  HDW 

,  NLINK,  PER,  NPER,  DT ,  TIME,  T,  NT 
AA,  BB,  CC,  DD 

PL(13,5),  PU(13,5),  STIME( 13, 100) 
NPM,  NPMIN(13,5),  S,  NPL(13,100),  NPU(13,100) 
NCR(5),  COM (5, 5) 
NL0AD(5),  KAP(5),  IFULL 
B,  IB,  PLOAD(IOO),  LL0AD(13,  5),  LUNL(13,  5),  IR 
RAF(10),RAF1(10) ,RAF2( 10) ,RAF3( 10) ,RAF4( 10) , IRAN( 10) 

NUMBER  OF  PASSENGERS  LOADED  AND  UNLOADED 

NPL(S,IB)  =0  ,        . 

NPU(S, IB)  =  0 
C      -FIND  TIME  ELAPSED  SINCE  LAST  LOADING  £  UNLOADING  OF  ROUTE  PROC. 

LT1.  =  TIME  -  LLOAO(S,  IR) 

LTU  =  TIME  -  LUNL(S,IR) 
C      -COMPUTE  NUMBER  OF  PASSENGERS  UNLOADED  IN  FUNCTION  OF  THE  TIME 
C      -ELAPSED  SINCE  UNLOADING  OF  BUSES  WITH  COMMON  DEMAND 

NCC  =  NCR( IR) 

DO  10  I  = .1 ,  NCC 
C      -DETERMINE  .THE  NUMBER  OF  A  BUS  ROUTE  WITH  COMMON  DEMAND 

HR  =  COM(  IR , 1  )  /  100 
C      -FIND  TIME  ELAPSED  SINCE  UNLOADING  OF  LAST  BUS  OF  ROUTE  HR  OR 
C      -OF  THE  ROUTE  PROCESSED,  WHICHEVER  IS  SMALLER 

HDW  =  TIME  -  LUNL(S,HR) 

IF  (HDW  .GT.  LTU:)  HDW  =  LTU 
C      -GENERATE  AN  INTEGER  RANDOM  NUMBER  BETWEEN  ONE  AND  TEN 

CALL  RANDOM (RN) 

IRN=RN*10.  +1. 
C      -UNPACK  COMMON  LOADING  DEMAND  FACTOR 

COMF  =  COM(IR,I)  -  (COM(IR,I)  /  10)  -  10 

IFtCOMF  .LE.  0)  COMF  =  10. 
C      -COMPUTE  NUMBER  OF  PASSENGERS  UNLOADED 

RHDW  =  HDW 

NU  =  RAFKIRN)  *  PU(S,HR)  *  RHDW  *  COMF  *  0.10  /  PER  +  0.5 
C      -ACCUMULATE  NUMBER  OF  PASSENGERS  UNLOADED 

NPU( S, IB )  =  NPU(S, IB)  +  NU 
10  CONTINUE 
C      -UPDATE  TIME  OF  LAST  UNLOADING  FOR  THIS  ROUTE 

LUNL(S,IR)  =  TIME 
C      -IF  BUS  IS  FULL,  NO  PASSENGERS  CAN  BE  LOADED 

PLOAD(IB)  =  PLOAD(IB)  -  N PU ( S , I B ) 
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IF  (PLOAD(B)  .GE.  KAP(IRJ)  GO  TO  30 
C 
C      -COMPUTE  NUMBER  OF  PASSENGERS  LOADED  IN  A  SIMILAR  WAY  AS  ABOVE 

NCC  =  NCR( IR) 

DO  20  I  =  1,  NCC 

HR  =  COM(  IR,I  )  /  100  ; 

HDW  =  TIME  -  LLOAD(S,HR) 

IF  (HDW  .GT.  LTD  HDW  =  LTL 

CALL  RANDOM (RN) 

IRN  =  RN  *  10.  +  1. 
C      -UNPACK  LOADING  DEMAND  FACTOR 

COMF  =  ••(COM(  IR*  I  )  -  HR*100)  /  10  . 

IF  (COMF  .LE.  0)  COMF  =  10. 

RHDW  =  HDW 

NL  =  RAF  KIRN)  *  PL(S,HR)  *  RHDW  *  COMF  #  0.10  /  PER  +  0.5 

NPL(S, IB)  =  NPL(S,IB)  +  NL 
C      -COMPUTE  AND  ACCUMULATE  WAITING  TIME  IN  PASSENGER-MINUTES 

NPM  =  (.NL*HDW  +  60)  /  120 

NPMIN(S,IR)  =  NPMIN(S,IR)  +  NPM 

IF  (NPMIN(S,IR)  .LT.  0)  NPMIN(S,IR)  =  0 
20  CONTINUE 

C      -UPDATE  PASSENGER  LOAD  IN  BUS 

PLOAD(IB)  =  PLOAD(IB)  +  NPL(S,IB)' 
1FULL  =  0 

GO  TO  40 
30  NPL(S, IB)  =  0 

IFULL  =  1 
C 

C      -COMPUTATION  OF  PASSENGER  SERVICE  TIME 
C      -IF  NO  PASSENGER  IS  SERVICED,  SERVICE  TIME' IS  ZERO 
40  STIME(S,  IB)  ."=  0 

IF  (NPL(SflB)  .LE.  0  .AND.  NPU(S,IB)  .LE.  0)  GO  TO  50 
C   .   -GENERATE  INTEGER  RANDOM  NUMBER  TO  SELECT  RANDOM  RANDOM  FACTOR 

CALL  RANDOM (RN) 

IRN  =  RN  *  10.  +  1. 

RPL  =  NPL(StlB)  : 

RPU  =  NPU(S,IB) 
C      -COMPUTE  PASSENGER  SERVICE  TIME  ACCORDING  TO  A  REGRESSION 
C      -EQUATION  AND  A  RANDOM  FACTOR 

STIME(S,IB)  =  (AA  +  BB*RPL  +  CC-RPU  -  DD*RPL*RPU )  *  RAF2URN) 
C      -UPDATE  TIME  OF  LAST  LOADING  FOR  THIS  ROUTE 

LLOAD(S,IR)  =  LLOAD(S,IR)*IFULL  +'(TIME  +  STI M E ( S , I B ) ) * ( 1- I  FULL ) 

IF     (LLOAD(S,IR)     .GT.     IP*PER)     LLOAD(S,IR)     =     IP-PER 
50    RETURN 

END 
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SUBROUTINE  GOQ 

Purpose  -  To  compute  the  time  in  seconds  to  discharge  a  certain  number 
of  vehicles  from  a  queue. 

Input   -  As  an  argument : 

Number  of  vehicles  to  be  discharged  (NCARS). 

Transmitted  through  COMMON  storage: 

Discharge  headways  from  a  queue  of  stopped  vehicles  in  seconds 

(DIS(l)a  I  =  1,  2,  ...6)  and  total  time  of  discharge  for  each 

vehicle  (SDIS(l),  I  =  1,  2... ,5). 

Output  -  As  an  argument : 

Period  of  time  to  discharge  the  vehicles  in  seconds  (TD). 

certain  point  on  the  road  and  its  entire  length  is  just  beyond 
that  point.   In  a  queue  of  vehicles ,   the  point  of  discharge 
taken  is  theposition  of  the  front  end  of  the  first  vehicle 
in  the  queue  before  motion  takes  place. 

When  a  queue  of  stopped  vehicles  is  released,  the  incremental 
period  of  time  that  it  takes  each  vehicle  to  go  past  the 
point  of  discharge  is  designated  here  as  discharge  headway . 
The  value  of  this  headway  is  maximum  for  the  first  vehicle 
in  the  queue  (when  it  is  actually  the  total  time  of  discharge 
and  not  a  headway).   Then  it  diminishes  successively  for  each 
of  the  following  vehicles  and  it  is  considered  constant  beyond 
the  6th  vehicle. 
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This  subroutine  computes  the  time  to  discharge  a  queue  of  vehicles 
simply  by  determining  the  total  time  of  discharge  of  the  last 
vehicle  in  the  queue.   If  the  queue  is  of  five  vehicles  or 
less,  the  total  time  of  discharge  is  an  input  to  the  subroutine. 
If  there  are  more  than  five  vehicles,  the  total  time  of  dis- 
charge of  the  5th  vehicle  is  determined  and  added  to  the 
product  of  the  number  of  vehicles  over  five  by  the  discharge 
headway  of  the  6th  vehicle  (which  is  also  the  headway  of  the 
successive  vehicles). 


VARIABLES 


DIS(l)         =  Discharge  headway  from  a  queue  of  stopped  vehicles 

in  seconds  (I  =  1,  ...,6).  ,The  subscript  I  represents 
the  position  in  the  queue  of  the  vehicle  to  be  dishcarge, 

SDIS(l)        =  Total  time  of  discharge  in  seconds  of  the  Ith  vehicle 

in  a  stopped  queue.   (i  =  1,  ...,5) 

TD  =  Time  to  discharge  in  seconds. 


Subroutines  Called 

None 
Subroutines  where  GOQ  is  used 

Main  program  SUB 
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GOQ,  =  Program  Listing 

C 
C 

SUBROUTINE  GOO(NCARS,  TD) 

C      -COMPUTATION  OF  TIME  "TD"  TO  DISCHARGE  "NCARS"  VEHICLES  FROM 
C      -A  STOPPED  QUEUE 

INTEGER  TD 

COMMON  /TP1/  DIS(6),  P0S(3),  NQ,  TDL 

COMMON  /TP4/  SDIS(5) 

TD  =  0 

IF  (NCARS  .LE.  0)  GO  TO  30 

IF  (NCARS  -  5)  10,  10,  20 
10  TD  =  SDIS(NCARS)  +  0.5 
30  RETURN 
20  CN  =  NCARS  -  5 

TD  =  CN  *  DIS(5)  +  SDIS(5)  +  0.5 

RETURN 

END 
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SUBROUTINE  RANDOM; 

Purpose  -  Generation  of  pseudo-random  numbers. 

Input   -  Transmitted  through  COMMON  storage: 

Origin  or  seed  of  random  numbers  (ORIGIN). 

Output  -  As  an  argument: 

Random  number  between  zero  and  one  (RN). 

Method  -  This  subroutine  is  a  modified  version  of  the  subroutine  RANDU 
which  is  described  on  page  77  of  System  1350  Scientific  Sub- 
routine Package  (350A-CM-03X)  Version  III   Document  H20- 
0205-3  International  Business  Machine  Corporation,  New  York). 
An  origin  or  seed  for  the  generation  is  selected,  which  can 
be  any  integer  up  to  six  digits.   This  number  is  multiplied 
by  a  constant  and  the  product  used  again  as  seed  for  the 
generation  of  the  next  random  numbers.   This  procedure  will 
produce  integers  greater  than  the  maximum  number  that  can  be 
stored  in  the  computer  (overflow)  which  will  be  transformed. 

The  random  number  is  formed  by  selecting  certain  digits  of  the 
transformed  product  and  expressing  them  as  a  real  number  between 
zero  and  one. 

The  random  numbers  generated  by  this  subroutine  have  passed 
satisfactorily  three  crucial  tests:   a)  cycle  length  (string  of 
numbers produced  without  repetition),  which  was  over  a  million, 
b)  test  for  rectangular  distribution,  and  c)  sequential  corre- 
lation test. 
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VARIABILIS 

ORIGIN        =  Origin  of  random  numbers.   Seed  for  starting  their 

computation. 

RN  =  Random  number  between  zero  and  one. 


Subroutines  Called 

None 
Subroutines  where  RAITDQM  is  Used 

Main  program  SUB,  TRAFIC,  ARRIVE,  LOAD 
Examples  of  Random  Numbers  Generated  ' 

On  the  next  page. 
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RANDOM  =  Program  Listing 


C 
C 

SUBROUTINE  RANDOM (RN) 
C      -MULTIPLICATIVE  CONGRUENTIAL  PSEUDO-RANDOM  NUMBER  GENERATOR 
C 

INTEGER  ORIGIN 
C 

COMMON-. /RN2/  ORIGIN 
C 

I  •=  65539  *  ORIGIN 

IF  (I  .LT.  0)  I  =  I  +  2147483647  +  1 

ORIGIN  =  I 
C      -GENERATE  A  RANDOM  NUMBER  BETWEEN  ZERO  AND  ONE 

RN  =  FLOAT( (ORIGIN  -  (ORIGIN/ 10000000 )* 10000000 )/ 10  +  D/1000000 

RETURN 
END 
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